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PREFACE

This collection of papers represents in part a report of the considerable progress made during the past year,
in part a report of changes made from the prior published pians, and in part a report of plans for this next year
for the effort to analyze U.S. Navy in-service usage data for ejection seat type aircrew automated escape
systems (AAES) and for other aircrew life support systems (ALSS) equipments. This work is being performed
by the Analytical Systems Division (ESA-31), Naval Weapons Engineering Support Activity under tasking
assigned by the Crew Systems Division (AIR-531), Naval Air Systems Command.

These papers, however, could not have been prepared without the generous assistance provided by per-
sonnel of the Naval Safety Center, Norfolk, who created the necessary data tapes aiid provided guidance and
counseling to the program team concerning the many nuances and pitfalls in the dats. Especially helpful among
the many have been Mr. Hardy Purefoy and Mrs. Betty Weinstein (Aviation Mishap Records Branch), Mrs.
Sharone Thornton (Life Support Equipment Branch), and Capt. Trostle, Lcdr. Robert Bason, and Mrs. Jean Con-
nery (Aeromedical Division). Major support also was provided by the Life Support Engineering Division, Aircraft
and Crew Systems Technology Directorate, Naval Air Development Center, Warminster; the Aircrew Systems
Branch, Naval Air Test Center, Patuxent River; and the Crew Systems Branch, Pacific Missile Test Center, Pt.
Mugu.

One task, which early on became obvious as being extremely necessary, was to develop means forenhanc-
ing the quality of the average post-mishap investigation into and reportage of AAES/ALSS emergency usage
and performance. To that end, the team has enlisted the services of Lcdr. James Paimer, Crew Systems Branch
(1131), Pacific Missile Test Center, Pt. Mugu, to draft experimental ‘‘in-field investigative guides’’; the full col-
lection of those written to date being included in this volume.

Considerable assistance and guidance has been furnished to the team by Dr. Ronald Herd, now president
of Applied Sciences Group, Incorporated, who, even if he has not simplified statistical analyses, has succeeded
through great patience in explaining to the team the techniques, results, dangers, and the benefits of statistical
analyses in a comprehendable manner. Dr. Herd's review, critiqgue and advice concerning findings and,
especially proposed findings and proposed analytical approaches, have been especially invaluable and the team
is grateful for the resulting improvements in product quality. In addition, Dr. Herd has contributed one special
analysis paper and one of the progress report papers presented in this volume.

As discussed in U.S. Navy Aircrew Automated Escape Systems (AAES) and Aircrew Life Support Systems
(ALSS) In-service Usage Data Analyses Program: A Progress Report and Future Plans, a major effort is currently
underway at the Departmentof Energy’s Oak Ridge National Laboratory with technical guidance being fur-
nished by Mr. L. d'Aulerio of the Naval Air Development Center, Warminster, to develop escape system simula-
tion models tailored to the characteristics of each AAES included in these data to permit enhanced analysis of
each escape attempt and also of the coilective series of escape attempts with the attendant identification and
definition of problem areas as well as aspects that appear successful.

Acknowledgement also is due to the Graphics Section, Publications Department of ManTech Internationai
Corpaoration, responsible for creating the majority of the illustrations employed in the volume and for its on-time
publication and delivery despite all of the problems caused by authors and the sponsor. Programming to
develop the data used and presented in this volume was generated by Messrs. Robert Cox of the Institute of
Modern Procedures and Tom Henke of Evaluation Research Corporation. These individuals must be commend-
ed for their willingness on often extremely short notice to rapidly develop new programs and program modifica-
tions to permit those analyzing the data to pursue and examine multitudinous interrelationships among the
data.

The Naval Weapons Engineering Support Activity nersonnel contributing to these papers were Mr. Charles
Geiberger {ESA-31C, team leader), Mr. Charles Stokes, Mrs. Myrtice Roberson, and Mr. John Vetter (ESA-31
Division Head). As has most unfortunately, despite the best of intentions of the team members to, for once,
present the drafts early and to require fewer of them, this work, as so often is the case in human endeavors,
has been delayed and subject to interminable changes, especially to satisfy the program sponsor. So once
again without the multitudes of drafts quietly, quickly and efficiently readied on short notice by the Division
Secretary, Miss Sandi Dorwart, much of this collection of papers would not be.

The Crew Systems Division Sponsor for this program is Mr. Frederick C. Guill (AIR-531C).
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PERTINENT QUOTATIONS

This section presents several quotations that, even though they were not written to describe the problems
faced by individuals investigating 8 mishap to determine the AAES/ALSS usage and problems or the problems
encountered later in using those records to create or compile a history of AAES/ALSS usage/non-usage and
problems/successes, nonetheless seem quite appropriate for describing those problems encountered in these
phases of attempting to put together the information and analyses necessary to define the AAES/ALSS usage
problems for subsequent remedial action. it is hoped that this selection will be both enjoyable and at the same
time, perhaps, provide the reader with new insights and perspectives concerning problems that are not peculiar
to this effort to investigate and analyze AAES/ALSS usage but, rather, are shared by many in other endeavors.

1-1




“FOOL YOU ARE...TO SAY YOU

LEARN BY YOUR EXPERIENCE...

| PREFER TO PROFIT BY
OTHERS' MISTAKES, AND
AVOID THE PRICE OF MY OWN.”

BISMARCK

[ FRECKDIAG Faculbil




. if we know anything at all, it is about the past.
The future is unknown and dark; the present does
not exist except as a moving point in time. Only
when we look backward is there any light of under-
standing, and when we look ahead it is only the
reflected light from over our shoulder, from the
past, that penetrates at all into the obscurity.

THE GERMAN WARS
D. J. GOODSPEED

Houghton Mifflin Company
Boston 1977




Archaeology offers a passage back into the past although
archaeologists know very well that the bits of a smashed pot can
tell us very little about the thoughts of the potter. But as all
we have left are the very few, broken fragments of things that
the Avebury people used we must manage with them. It is, after
all, a rigorous but not uninteresting method, this gathering up
of all the evidence, omitting nothing, looking for patterns amongst
an antique jigsaw from which nine-tenths of the pieces are missing.

PREHISTORIC AVEBURY
AUBREY BURL '

[ H?ECEDJ"*G’ EAg ol




FIGURES HAVE TWO IMPORTANT PROPERTIES; THEY SAY A LOT AND THEY
APPEAR TO BE ACCURATE. IN BOTH RESPECTS THERE IS A REAL DISADVANTAGE
CONNECTED WITH THE APPARENT ADVANTAGE. FIGURES SAY SO MUCH THAT WITH-
OUT A DETAILED DISCUSSION IT IS IMPOSSIBLE TO UNDERSTAND THEM. WHEN THE
DISCUSSION IS FURNISHED, THE SUBSTANCE IS IN THE WORDS RATHER THAN THE
FIGURES AND THE LATTER ARE ONLY A DEVICE BY WHICH TO REMEMBER THE
DISCUSSION.

FIGURES ARE ALSO MUCH TOO ACCURATE. THE TROUBLE IS THAT WITH
REGARD TO THE FUTURE THIS ACCURACY CAN NEVER BE ATTAINED.

FROM

ENERGY FROM HEAVEN AND EARTH

DR. EDWARD TELLER ¢ e
PAGE 294 ‘ e n
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GALBRAITH'S LAW

THINGS GO WRONG WHEN REMEDY IS ALLOWED TO
PRESCRIBE DIAGNOSIS.

J. K. GALBRAITH

[ PRECED) ;g Facak.
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THE ROCKET TEAM,
PAGE 33

FREDERICK ORDWAY il

“AS THINGS BECAME ORGANIZED AT PEENEMUNDE, IT WAS NATURAL
THAT CONFLICTS BETWEEN ITS PERSONNEL IN VARIOUS OFFICES WOULD
ARISE. AUDITORS, ACCOUNTANTS, AND CLERKS, WHO GENERALLY FEEL
OUTSIDE THE MAINSTREAM IN ANY LARGE RESEARCH ORGANIZATION,
BEGAN TO FLEX THEIR MUSCLES AT THE EXPENSE OF THE SCIENTISTS
AND ENGINEERS. THEY FOUND ENDLESS INTERPRETATIONS FOR
REGULATIONS. BUT DORNBERGER BROUGHT THIS PRACTICE TO A
QUICK HALT, ONCE HE SAW WHAT WAS HAPPENING. HE SET FORTH
POLICY FOR HVP IN CLEAR TERMS. ‘THE ENGINEERS IN PEENEMUNDE
HAVE TOP PRIORITY. ALL THEIR WISHES ARE TO BE FULFILLED TO
THE EXTENT YOU CAN ASSIST. DONT LOOK FOR REGULATIONS THAT
PREVENT THINGS GETTING DONE. LOOK FOR ALL MEANS POSSIBLE
FOR GETTING THE JOB DONE. REGULATIONS ARE MADE BY MEN; THEY
CAN BE CHANGED BY MEN.” CRESTFALLEN, THE BOOKKEEPERS
WITHDREW TO PONDER THEIR CODES IN THIS NEW LIGHT.”

e —— e,
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. . . CONTRAST BETWEEN TWO KINDS OF HISTORY —
REMEMBERED HISTORY PRESENT IN THE MINDS OF
PARTICIPANTS LONG AFTER THE EVENT, AND ACTUAL
HISTORY, THE DAY-TO-DAY EVENTS AND PRACTICES,
OFTEN FORGOTTEN WHEN THEY HAVE LITTLE
GLAMOUR.

—Sovereignty for Sale
Rodney Carlisle
Page 217
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FOR EVERY PROBLEM
THERE IS A SIMPLE
SOLUTION . ..

WHICH IS USUALLY WRONG. ATTRIBUTED TO H.L. MENCKEN

THE WALL STREET JOURNAL
24 SEPTEMBER 1982
PAGE 25
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It 53 not in the heavens™—Deuteronomy 30.12)

FOR EVERY PROBLEM
THERE IS A SIMPLE
SOLUTION . . .

WHICH IS USUALLY WRONG. ATTRIBUTED TO H.L. MENCKEN

TWO MEN ARE CROSSING A DESERT. THEY ARE THREE DAYS FROM THE NEAREST WATER
HOLE.

ONE OF THE MEN IS CARRYING A CANTEEN. THE CANTEEN HOLDS THREE DAYS’ SUPPLY OF
WATER—FOR ONE MAN.

SHOULD THEY DIVIDE IT? THEN BOTH WILL DIE.

THEN WHAT IS THE OBLIGATION OF THE OWNER OF THE CANTEEN? ONE OPINION SAYS—A
MAN MUST NOT STAND BY AND WATCH HIS FELLOW MAN DIE. HE SHOULD SHARE THE
WATER WITH HIS COMPANION. ANOTHER SAYS —PRESERVATION OF ONE’'S OWN LIFE TAKES
PRECEDENCE. THE OWNER OF THE WATER MUST DRINK IT AND LIVE.

NOT SO SIMPLE, IS IT? IF YOU DON'T SEE A SIMPLE, OBVIOUS SOLUTION, YOU'RE IN GOOD
COMPANY, BECAUSE THE DISCUSSION IS NEARLY 1900 YEARS OLD.

IT IS RECORDED IN THE TALMUD, AND HERE IS THE INTERESTING THING:

BOTH OPINIONS ARE PRESENTED IN THE TALMUD, THE PREVAILING AND THE DISSENT.

THE WALL STREET JOURNAL
24 SEPTEMBER 1982
PAGE 25
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INCIDENTALLY, IT WILL HELP TO EXPLAIN WHY THIS CAREFUL
LABORATORY WORK WAS NECESSARY.

IN THE FIRST PLACE, IT MUST BE CLEARLY UNDERSTOOD THAT
THERE IS NEVER ANY QUESTION OF HAVING BASKETFULS OF OBJECTS
BROUGHT TO THE EXCAVATOR FOR HIM TO LOOK AT; THE FIRST AND
MOST IMPORTANT RULE IN EXCAVATING IS THAT THE ARCHAEOLOGIST
MUST REMOVE EVERY ANTIQUITY FROM THE GROUND WITH HIS OWN
HANDS. SO MUCH DEPENDS UPON IT. QUITE APART FROM THE QUESTION
OF POSSIBLE DAMAGE THAT MIGHT BE CAUSED BY CLUMSY FINGERS, IT
IS VERY ESSENTIAL THAT YOU SEE THE OBJECT /N S/TU, TO GAIN ANY
EVIDENCE YOU CAN FROM THE POSITION IN WHICH IT LIES, AND THE RE-
LATIONSHIP IT BEARS TO OBJECTS NEAR IT.. . . THERE WILL, AGAIN, BE
EVIDENCE OF ARRANGEMENT TO BE SECURED, EVIDENCE THAT MAY
SHOW THE USE FOR WHICH SOME PARTICULAR OBJECT WAS MADE, OR
GIVE THE DETAILS FOR ITS ULTIMATE RECONSTRUCTION.

THE TOMB OF TUTANKHAMEN
HOWARD CARTER

CHAPTER 10

PAGE 68

Figure 1
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AN EXCAVATOR, THEN, MUST SEE EVERY OBJECT IN POSITION,
MUST MAKE CAREFUL NOTES BEFORE IT IS MOVED, AND, IF NECESSARY,
MUST APPLY PRESERVATIVE TREATMENT ON THE SPOT. OBVIOUSLY,
UNDER THESE CONDITIONS IT IS ALL-IMPORTANT FOR YOU TO KEEP IN
CLOSE TOUCH WITH YOUR EXCAVATIONS. . . . WHILE THE WORK IS AC-
TUALLY RUNNING YOU MUST BE ON THE SPOT ALL DAY, AND AVAILABLE
AT ALL HOURS OF THE DAY. YOUR WORKMEN MUST KNOW WHERE TO
FIND YOU AT ANY GIVEN MOMENT, AND MUST HAVE A PERFECTLY
CLEAR UNDERSTANDING THAT THE NEWS OF A DISCOVERY MUST BE
PASSED ON TO YOU WITHOUT ANY DELAY.

THE TOMB OF TUTANKHAMEN
HOWARD CARTER

CHAPTER 10

PAGE 69

Figure 2




THEN THERE IS PHOTOGRAPHY. EVERY OBJECT OF ANY AR-
CHAEOLOGICAL VALUE MUST BE PHOTOGRAPHED BEFORE IT IS MOVED,
AND IN MANY CASES A SERIES OF EXPOSURES MUST BE MADE TO MARK
THE VARIOUS STAGES IN THE CLEARING. MANY OF THESE PHOTO-
GRAPHS WILL NEVER BE USED, BUT YOU CAN NEVER TELL BUT THAT
SOME QUESTION MAY ARISE, WHEREBY A SEEMINGLY USELESS
NEGATIVE MAY BECOME A RECORD OF THE UTMOST VALUE. PHOTO-
GRAPHY IS ABSOLUTELY ESSENTIAL ON EVERY SIDE, AND IT IS PERHAPS
THE MOST EXACTING OF ALL THE DUTIES THAT AN EXCAVATOR HAS TO
FACE. ON A PARTICULAR PIECE OF WORK | HAVE TAKEN AND DEVELOPED
AS MANY AS FIFTY NEGATIVES IN A SINGLE DAY.

WHENEVER POSSIBLE, THESE PARTICULAR BRANCHES OF WORK —
SURVEYING AND PHOTOGRAPHY — SHOULD BE IN THE HANDS OF
SEPARATE EXPERTS. THE MAN IN CHARGE WILL THEN HAVE TIME TO
DEVOTE HIMSELF TO WHAT WE MAY CALL THE FINER POINTS OF EX-
CAVATION. HE WILL BE ABLE TO PLAY WITH HIS WORK, AS A BROTHER
DIGGER EXPRESSED IT. IN EVERY EXCAVATION PUZZLES AND PROBLEMS
CONSTANTLY PRESENT THEMSELVES, AND IT IS ONLY BY GOING CON-
STANTLY OVER THE GROUND, LOOKING AT IT FROM EVERY POINT OF
VIEW, AND SCRUTINIZING IT IN EVERY KIND OF LIGHT, THAT YOU WILL BE
ABLE TO ARRIVE AT A SOLUTION OF SOME OF THESE PROBLEMS. THE
PURPORT OF SOME PECULIARITY. . . THESE AND A SCORE OF OTHERS
ARE THE QUESTIONS THAT AN EXCAVATOR HAS TO FACE, AND IT IS
UPON HIS ABILITY TO ANSWER THEM THAT HE WILL STAND OR FALL AS
AN ARCHAEOLOGIST.

THE TOMB OF TUTANKHAMEN

HOWARD CARTER

CHAPTER 10

Figure 3 PAGE 69
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DETAILED AND COPIOUS NOTES SHOULD BE TAKEN AT EVERY STAGE
OF THIS PRELIMINARY WORK. IT IS DIFFICULT TO TAKE TOO MANY, FOR,
THOUGH A THING MAY BE PERFECTLY CLEAR TO YOU AT THE MOMENT,
IT BY NO MEANS FOLLOWS THAT IT WILL BE WHEN THE TIME COMES FOR
YOU TO WORK OVER YOUR MATERIAL. IN TOMB-WORK AS MANY NOTES
AS POSSIBLE SHOULD BE MADE WHILE EVERYTHING IS STILL IN POSITION.
THEN, WHEN YOU BEGIN CLEARING, CARD AND PENCIL SHOULD BE KEPT
HANDY, AND EVERY FRESH ITEM OF EVIDENCE SHOULD BE NOTED IM-
MEDIATELY YOU RUN ACROSS IT. YOU ARE TEMPTED SO OFTEN TO PUT
OFF MAKING THE NOTE UNTIL YOU HAVE FINISHED THE ACTUAL PIECE OF
WORK ON WHICH YOU ARE ENGAGED, BUT IT IS DANGEROUS. SOME-
THING WILL INTERVENE, AND AS LIKELY AS NOT THAT PARTICULAR NOTE
WILL NEVER BE MADE AT ALL.

THE TOMB OF TUTANKHAMEN
HOWARD CARTER

CHAPTER 10

PAGE 73

Figure 4




U.S. NAVY AIRCREW AUTOMATED ESCAPE SYSTEMS (AAES)
IN-SERVICE USAGE DATA ANALYSLS PROGRAM

(Presented at l9th Annual SAFE Symposium, Uecemoer 1981)

Fregerick C. Guiil
Charles W. Stokes IlI

ABSTRACT

Tne Crew Systems Division, Naval Air Systems Comnand, redilziny its
requirement for specialized ana in-uepth analyses of all in-service agata
concerning aircrew automated escape systems (AAES) anu, more recentliy,
aircrew Life support systems (ALSS) equipments, tasked the Naval Weapons
Engineering Support Activity, washinyton, v.C., to veveiop a system for
proviaing such analyses. The packyround ana objectives of this tasking are

discussed.
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U.S. Navy
Aircrew Automated Escape Systems (AAES)
In-Service Data Analysis Program
Frederick C. Guill and Charles W. Stokes
INTRODUCTION

The purpose of this session is both to acquaint the audience with
the Naval Air Systems Command's on-going Aircrew Automated Escape
System (AAES) In-service Usage Data Analysis Program and to
disseminate initial data summaries and preliminary analyses,
especially as concerns U.S. Navy success rates, comparison of
through~the-canopy and jettisoned-canopy ejections, and ejection
associated flail and flail injury experience.

This program is being developed to “establish a systematic
investigation of in-service AAES data, such as contained in the 3-M
System, Unsatisfactory Reports, Medical Officer Reports of Aircraft
Accidents, and Naval Air Rework Facility Data Systems, to identify for
potential corrective action the many daily low-grade problems which
contribute to the general lowering of AAES in-service reliability and
cause the general worsening of AAES in-service maintainability."
(Figure 1). Until this program was established the only arrangements
for investigating AAES problems were created especially "for
investigating and correcting spectacular AAES in-service problems,
particularly those which cause fatalities. This effort is intended
for reviewing the prevasive non-spectacular low-grade AAES in-service
reliability (problem) and/or a general degradation of AAES in-service
maintainability. These problems, vastly overshadowed by the
spectacular ones, nonetheless are important, and if left unmonitored
and uncorrected, occasionally manifest themselves in fatalities,
serious injuries and/or very great difficulties experienced by the
ejectee, which under slightly different conditions could have caused
serious injuries. Some problems also manifest themselves in increased
maintenance efforts and costs and/or increased hazards to maintenance
personnel.”

The program has been operational for two years and, as depicted
in Figure 2, remains in its formative stages. In October 1981 a two
day symposium was convened during which preliminary data presentation
formats and analyses were furnished to attending representatives of
the escape systems community.

1.31
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THE PROBLEM

The basic problem confronting the Crew Systems Division
(AIR-531) , Naval Air Systems Command, is the effective management of
limited resources to enhance aircrew safety and performance thereby
contributing to the Navy's ability to perform its assigned missions.
A major element of the problem has been identifying and selecting
problems for resolution. This element has been especially difficult
due to the nature of the information available to AIR-531, the dynamic
nature of the Navy's escape systems inventory and the time lags
between introduction of equipment or fixes and the availability of
information suitable for determining how well it is performing and, if
improvement is necessary, the availability of material for effecting
improvement (Figure 3). It has not been uncommon for problems to be
defined in terms of newly developed concepts and hardware irrespective
of the actual needs of the Fleet. Nor has it been uncommon for
identified needs to change dramatically as the escape systems
inventory mix changes. Thus, for example, major efforts were directed
in the early 1960's to developing means for making survivable aircraft
impact with water during ditching, following cold cat shots, following
aircraft falling off carrier decks and similar carrier vicinity type
water impact situations. In the late 1950s through early 1960s a
large number of aviators were lost following such accidents and action
was initiated to ameliorate the impact effect upon the crew, By the
latter half of the 1960s, however, the problem magnitude had declined
to virtual insignificance as the escape system inventory mix shifted
to seats which provided sufficient capability for pre-impact ejection.
Today a major problem is the post-low level ejection in-water
survival, particularly when near the powerful and large wake of the
carrier.

Thus the system being developed under this project involves
review and analyses of today's systems' problems coupled with review
and analyses of the probable impact that expected inventory changes
(including engineering changes already underway) and potential
aircraft operational changes might have on the identified problems in
the future (Figure 4). It is expected that marriage of these analyses
with schedule and cost estimates for accomplishing resolution of
identified problems will enhance AIR-531's ability to prioritize
problems and to project and justify its needs for resources.

Figure 5 illustrates a typical data chain, that for FSRs (Flight
Surgeons' Reports), developing the data to be employed in the analyses

conducted under this program. Figure 6 depicts some of the expected
potential uses of the analyses in attempting to resolve AAES problems

and to reduce the risks associated with AAES usage, maintenance and
ownership. Much of the data examined is acquired, maintained and
furnished by the Naval Safety Center, Norfolk. The Naval Safety
Center, as depicted in Figure 7, in addition to providing the data for
analyses, has an active and important role in defining the program's
investigation taskings.

1-32
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FUTURE PLANS

During 1982 the major thrust of this program will be to develop
data presentation formats and analyses which, as the data base is
updated, will automatically reflect the added data. As a result of
resource limitations only a limited effort can be mounted towards
actually defining the in-service problems and their causal factors.
This relative priority between enhancing program capability and
identifying Fleet problems is necessary to reduce the excessive manual
labor involved in developing problem analyses today and also to ensure
achieving reproducible results. This project, again, is aimed
primarily at developing a management tool for Crew Systems Division
use in optimally managing its AAES resources. Secondarily this
program will result in greater knowledge for the entire AAES community
concerning all components of the AAES (Figure 8) and ultimately in
reduced risks of usage, maintenance and ownership.

REFERENCES

1. Naval Air Systems Command AIRTASK No A512-512C/184-4/1512-000-055,

Work Unit No. A5312B-04 dtd 5 Nov 80 to Naval Weapons Engineering
Support Activity, entitled: Identification and Review of Aircrew

Automated Escape Systems (AAES) In-Service Reliability and Main-
tainability Problems.

2. Ibid.
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U.S. NAVY AIRCREW AUTUMATED eSCHPE S5YSTEMS (RAES) AN
AIRCREW LIFE SUPPURT SYSTEMS (ALSS) IN~SERVICE USAGE UATA
ANALYS1S PRUGKAM: A PROGLRESS REPURT ANU REPURT UF LUNGER TeRM PLANS

Fregerick C. LuUilld
ABSTRALT
This report giscusses tne progress mage auring FY ivg3, the 1nsignts
ootaineo from those erforts, ana tne current long range plans resulting
from those insights, for establiisning a more usetul AAES/HLSS 1n-service

usage data analysis system to satisy the AAES/ALSS resources managyerial
decision neeas of the (Crew Systems Division, Naval Air Systewms Command.
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U.S. NAVY AIRCREW AUTOMATED ESCAPE SYSTEMS (AAES) AND AIRCREW
LIFE SUPPORT SYSTEMS (ALSS) IN-SERVICE USAGE DATA ANALYSIS
PROGRAM: A PROGR RT _AND REPOR LONGER M PLAN

Frederick C. Guill
INTRODUCTION

This paper presents in part a report on the progress and non-progress
of the Aircrew Automated Escape Systems (AAES) and Aircrew Life Support
Systems (ALSS) Equipments In-service Usage Data Analysis project, in part a
listing of curreni efforts now underway and the hopes associated with them,
ds well as long range plans and thoughts concerning the how, where and why
of the future development of this project. The purpose of thi, project is
delineated in the project tasking! from the Crew Systems Division, Naval
Air Systems Command and in a paper presented at the 19th Annual SAFE
Symposium. 2 A paper? presented at the 20th Annual SAFE Symposium briefly
discussed the program plans.

Considerable progress, much of it in program aspects either not
previously anticipated or anticipated to occur much later in the
development of this program, has been realized, especially in acquiring
data for entry into the computers and in developing some of the special
tools believed from the beginning to be necessary if the program were
eventually to achieve many of its stated highly specialized objectives
necessary to assure provision of the needed data and analyses to the Crew
Systems Division. 1“2 On the other hand, major problems have continuously
hampered the efforts to achieve several of these objectives and have
limited the actual amount of progress achieved. Some of these problems,
inherent in a new and as yet unproven value program such as this one, will
remain for the foreseeable future, causing delays and limiting program
abilities to undertake needed tasks.

RECENT PROGRESS

When this program was initiated, virtually its only source of data was
the MOR/FSR (Medical Officer's Report/Flight Surgeon's Report) data extract
computer tapes generated and maintained by the Naval Safety Center,
Norfolk, and graciously furnished to the Naval Weapons Engineering Support
Activity, Washington, D.C., in support of the program. A very large amount

AIRTASK No. A511-5111/184-4/3511-00-055 Work Unit No. A531C-04 dtd 29 Oct
1982

U.S. Navy Aircrew Automated Escape Systems (AAES) In-service Usage Data

Analysis Program by Frederick C. Guill and Charles W. Stokes presented at
the igtﬁ Annual SAFE Symposium December 1981

U.S. Navy Aircrew Automated Escape Systems (AAES) In-service Usage Data
Analysis Program Automation Plans-II by Charles W. Stokes and Frederick C.
Guill
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of the program team's efforts since receipt of those first data tapes and
associated instruction manuals simply was consumed in gaining familiarity
with the data, its capabilities and its limitations; a task which has
proven to have been far greater than envisioned at the onset of the program
and wnich, as a consequence of Naval Safety Center recent data format
changes, is continuing.

Ouring the past year, however, events have occurred which have
permitted a significant proportion of the program's efforts to be devoted
to other accomplishments such as:

o initiated development of a computer simulation model for an
ejection seat.
0 initiated development of a computerized log of all U.S. Navy
ejections occurring prior to 1 January 1969.
o initiated development of a computerized log of all U.S. Navy
manual bailouts occurring between 1950 and 1969.
o generation of detailed, supplementary case data from original
MORs/FSRs for ejections in which severe and moderate neck injuries
were reported to have been sustained by one or more of the ejectees.
o0 generation of detailed ALSS lists for each of 64 A-6 series aircraft
mishap aircrewmen.
o development of standardized presentation formats for examining
mishap aircrew anthropometric data and comparing the resultant
populations of data to the standard U.S. Navy aircrew anthropometry
references." "5
o provided to the Johnson Space Center, Houston, in connection with
the orbiter program, a review of U.S. Navy ditchings accompanied
by a review of data obtained from the National Transportation
Safety Board reports concerning commercial airline ditchings.
o obtained from the Naval Safety Center, Norfolk, additional MOUR/FSR
data extract computer tapes including data concerning ail U.S.
Navy helicopter mishaps and fixed wing non-AAES aircraft mishaps
from 1 January 1969 through mid-1982 and updating the AAES equipped
aircraft mishap data file to mid-1982 from its previous period of
1 January 1969 through 31 December 1979 (this update includes some
non-ejection mishap data for AAES equipped crewmembers for that
earlier period not contained in the earlier computer tapes).
o acquisition and storage in discrete monthly increments of 3-M
(Maintenance and Material Management) System Data for all U.S.
Navy AAES in inventory during the past year.
o initiation of development of what eventually is planned as a "user 1
friendly" 1ife cycle cost (LCC) and design-to-cost (DTC) model. !
o development of several series of proposed field investigation guides
for assisting the non-expert in performing a step-by-step )
examination of each retrieved article of mishap crewmember ALSS and ’
recording the resultant data, and in acquiring and recording data
concerning the on-site location and retrieved condition of that
ALSS. )

“ NAVAIRTESTCEN Report SY-121R-R2 i
® Naval Air Engineering Center (ACEL) Report ACEL-533
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o initiated the conceptualization of a computer model of the crew-
member and that individual's articles of ALSS reported carried,
used and/or worn to permit rapid identification of probable
damage sites for each ALSS element when the crewmember has
sustained injuries.

When the project with the Oak Ridge National Laboratory (Department of
Energy) currently being undertaken with considerable assistance from the
Naval Air Development Center, Warminster, is completed, the AAES/ALSS
Equipment In-service Usage Data Analysis Program will be equipped with a
series of ejection simulation models tailored to the characteristics of
each individual system for which the program contains mishap ejection
data. These simulation models will differ significantly in the functions
performed, the totality of the AAES simulated, the nature of the input
data, and their purpose from simulation models which now exist. It is
anticipated that in their final versions these models will include a
limited amount of appropriate aircraft flight and ejection response data
peculiar to the specific mishap aircraft flight configuration (i.e.,
ordnance load, hung ordnance, wing failure, etc.) and manuever prior to and
during the escape attempt. These models (Figure I) eventually will become,
in one usage, an automatic part of the data analysis system being developed
and will flag for special attention those escape attempts in which the
reported escape conditions (i.e., ejection altitude, airspeed, attitude,
descent rate, and/or maneuver) are not supported by (or do not support) the
reported observed results (e.g., escape sequence interrupted by ground
impact, parachute full deployment and opening, etc.). Another anticipated
usage of these models will be the evaluation for all recorded escapes of
the effects of potential changes in order to more precisely define the
problems which require addressal by AAES and AAES element designers.

Progress in developing the first of these models has been slow but
promising and the present indications are that the first model(s), sans
aircraft flight and ejection response characteristics, will become
operational during this next year. Prior to incorporating these models
into the data analysis system it is planned to coordinate the proposed
models with the ejection seat and airframe manufacturers to ensure their
individual accuracy. As these models become operational, initially as
ejection seat or escape system models, it is planned to seek assistance
from sources such as the Naval Air Test Center, Patuxent River, and the
individual aircraft manufacturers concerning how best to model the aircraft
flight and ejection response characteristics which will ultimately enhance
the capability of these models to assess the timeliness of ejection (i.e.,
initiated in or out of the system performance envelope) and the potential
for anomalous escape system performance to have occurred.

A future step for each of these system tailored models will be the
development of means for estimating total ejected weight and, perhaps, the
static (pre-ejection) center of gravity for each ejectee-seat combination.
This step would permit incorporation into a subroutine of a model, the
ejectee's anthropometry as reported in the FSR, after having been screened
for the presence of unlikely data or data combinations, and his ALSS
equipment configuration as reported by the FSR, automatically entering the
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weight for each article noted as worn, carried or available to the mishap
crewnember for the escape and subsequent descent and survival phases.
Additional data available in most FSRs which might be incorporated include
surface winds, terrain and, if applicable, sea state.

As envisioned, these models eventually will perform most of these data
retrievals and combinings automatically in the process of developing the
assessment of the timeliness of escape initiation, in assessing the
1ikelihood that the system's performance might have been anomalous, and in
estimating the ejectee's surface contact (impact) velocity.

Using data long collected by the project's sponsor, supplemented by the
annual Naval Safety Center, Norfolk, publication Emergency Airborne Escape
Summaries in conjunction with information airframe and ejection seat
manufacturers have graciously furnished, the program has developed a
computerized log of ejection attempts and another of bailout attempts for
aviation mishaps occurring prior to 1 Janaury 1969, a cut-off imposed on
Naval Safety Center furnished mishap data by Navy interpretations of the
Privacy Act requirements and restrictions. These logs (which contain no
crew names or other crew identification) start with the U.S. Navy's first
ejection, 9 August 1949, They do not, unfortunately at this time contain
truly significant amounts of information or sufficient indications
concerning non-ejection and non-bailout type situations. At present these
logs can only be described as rudimentary and the information contained in
them is meager, generally constrained to type aircraft, sometimes type of
seat (completeness of these data is improving), escape attempt altitude and
speed, occasionally the attitudes and maneuver during the escape attempt,

a limited description of any injuries sustained by the crewmember, the

type of rescue vehicle and the duration between escape and rescue, and a

terse description (especially terse for pre-1963 mishaps) describing the

nature of the mishap or other significant aspects. At present the logs are

useful primarily for identifying mishaps for which the Naval Safety Center,

Norfolk, should be able to lTocate and furnish original MOR documents for

examination in those instances in which certain mishap or escape

characteristics appear potentially similar to those being investigated for

mishaps or ejections occurring after 1968 and for which the examination of :
the earlier mishaps or ejections might assist in the analysis, under- {
standing the problems and/or defining the problems currently occurring.

These logs were initiated for several reasons. One, to permit !
increasing populations of escape attempts with common (shared) attributes
(i.e., type of seat, ejection airspeed and altitude, configuration of
various ALSS equipments, etc.) in the hopes of achieving statistically l
significant, yet specialized populations to analv»e and from which to draw
conclusions concerning such aspects as trends, hun Some of today's current
yet old equipment (e.g., in the case of Koch parachute quick release
fittings, how they have been and are performing and what might be expected
to occur if changes in bulk and mass or other characteristics were to
occur). Another was to similarly increase populations experiencing
apparently similar results and/or consequences. The 1 January 1969 cut-off
date for the ready access to computerized summaries of data concerning
earlier ejections and ejection attempts resulting from the Privacy Act
interpretations imposes severe restrictions adversely affecting attempts to
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study topics such as neck injuries, vertebral fractures, flail injuries,
landing injuries, the effects of parachute size or opening aids, the
effects of changing escape performance capabilities as from k5 Series to
Mk7 Series or from RAPEC I/ESCAPAC I to successive ESCAPAC versions.

These, and similar analytical efforts aimed at enhancing the safety of
present and future aircrew, can be, and are at present, severely
handicapped without access to these earlier ejection attempts and could (as
has been the case in several past efforts in earlier years) cause erroneous
conclusions and/or definitions of problems or permit or cause
popularization of erroneous beliefs among aircrew, AAES/ALSS requirements
formulaters, AAES/ALSS project managers, AAES/ALSS designers, AAES/ALSS
manufacturers, and AAES/ALSS maintainers. Such results can and have
penalized present aircrew and maintenance personnel and could penalize many
generations of aircrew and maintenance personnel yet to enter the service.

Efforts are planned to continue to enhance the data contained in these
logs for it is not enough to merely count successes and failures or
injuries, the data must be of such a quality, as well as quantity, to
permit conducting in-depth, penetrating and detailed systems-knowledgeable
examinations if we are to understand the many causal factors and mechanisms
of current potential current problems, ejectee injuries and ALSS damage,
and their interactions so as to be able to define clearly the problems
requiring resolution in a manner permitting planning, funding, scheduling
and, eventually, resolution of the problem.

Of necessity the data contained in the Naval Safety Center computerized
MOR/FSR data extract tapes are limited in quantity and detail, being only a
portion of the total mishap data extracted and stored, to permit its
economic storage, retrieval and management level analyses. A1l data
suffers to some degree these same problems and that data in the Naval
Safety Center's data banks is, without question, extremely valuable.
However, that data often fails to provide adequate answers to in-depth,
very detailed probings. One such example has involved the incidence of
"ejection associated" neck injuries reported sustained by ejectees.
Another concerns the usage exposure of ALSS to various emergency
conditions; information necessary when attempting to make managerial
decisions concerning either allocating very scarce AAES/ALSS resources
(funds, knowledgeable and skilled personnel, and facilities) among known
and suspected problems to achieve an optimal and timely improvement in
aircrew safety, or, even more difficult and often more important, seeking
to justify significant additions to available resources to permit efforts
to resolve problems which are more complex than initially anticipated or
which were unknown at the time the budgets were submitted. Obviously,
failure to achieve additional resources, which under current political
realities are increasingly difficult to justify to the extent of actually
acquiring them, means that some serious problems must remain unaddressed,
therefore unresolved, and that aircrew safety to some degree must suffer.
But a system, such as being developed under this project, should ensure
that the Crew Systems Division will be able to consciously and with
relatively full knowledge decide which risks require actions which are of
lesser importance and therefore are less damaging to naval aircrew safety
if total funds and other resources do not permit the addressal of all
identified problems.
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Thus, as reported in another paper ® a considerable effort was
undertaken late in 1982 to identify those mishaps in which one or more
ejectees sustained a severe or moderate neck injury (the classifications
“severe" and "moderate" are arbitrary, are described in the paper, and
served to control the scope of the effort -~ a major necessity in terms of
time available, personnel available, funding available, and that all
important and very frustrating computer storage capacity). ODuring this
effort the original MORs/FSRs for the reported 21 severe and 114 moderate
"ejection associated" neck injuries occurring during the period 1 January
1969 through 31 December 1979 were identified. In addition, using the
initial draft of the ejection logs, 12 earlier severe ejection associated
neck injuries were identified (although identified, the earlier 109
moderate "ejection associated" neck injuries were not subsequently examined
due simply to lack of resources). With the extensive cooperation of the
Naval Safety Center, Norfolk, the original MORs/FSRs for these identified
mishaps were located and thoroughly examined and an extensive body of
supplementary information extracted concerning the nature and violence of
the mishap leading to the ejection, events and factors inducing forces on
the aircrew/ejectee, events and factors influencing the magnitude of those
forces, and events and factors influencing the ability of the
aircrew/ejectee to withstand those forces without injury. Just recently,
the effort to enter into this program’s computer this new body of data, to
proof it and make it manageable and amenable to analyses has been completed
and preliminary results are now being obtained. From the inception of the
effort to the present has been just shy of one year and has involved in
excess of two man-years effort -- a significant portion of which was
donated to the program without charge. Nonetheless, this effort severely
impacted many other previsously planned efforts, but the never ceasing
politico-technical demands for action to resolve this problem perceived by
the Fleet and others to be extremely serious and the frequent, costly
proposals for action being advanced and gaining advocates have necessitated
a more rapid addressal of this problem than initially planned.

An opportunity arose and was taken in April of this year, while
examining A-6 series (non EA-6B) mishaps' original MORs/FSRs to extract
information 7 concerning the ALSS equipments 1isted in these documents as
having been initially present and available to the mishap crewmembers.
Since, as reported at the 20th Annual SAFE Symposium, ® the ALSS equipment
data presented in the Naval Safety Center MOR/FSR data extract computer
tapes for inishap crewmen was extremely limited, being generally reported

Factors Influencing the Incidence and Severity of "Ejection Associated"

Neck Injuries Susta!ne@ EZ g.§. ?avz Eﬁectees: ! ganuari !§§§ tErou§h 31
cember y Frederick C. Gu

Reported in Aircrew Life Suggort Systems (ALSS) Egui ment Presence, Usage

and Damage During U.5. Navy A-b6 Series Alrcraft Ejection; A Frelim%nar

Study (] January 1969 through 31 December 1972) by Frederick C. Guill

y Frederick L. Gu
Aircrew Life Support Systems (ALSS) Equipment Aspects of U.S. Nav
Eﬁecﬁ!ons; ! %anuarg ! throu ecember y Frederick C. Guill,
presented a e Annual SIEE Symposium 5,6,7,8 December 1982
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only when a noteworthy factor had occurred, that data could not satisty the
Crew Systems Division needs to ascertain the frequency and severity of ALSS
equipment problems versus their total exposure to emergency conditions and
versus their total attempted usage (e.g., if five failures of a type of
ALSS were reported in the data, were those five tne result of five
exposures/usages or 100 per cent, the result of 25 exposures/usages or 20
per cent, or the result of 100 exposures/usages or 5 per cent, or some
other rate and associated statistical confidence in that rate?). When
problems result in the same severity of consequences and available
resources will not admit addressing all problems, then some problem ranking
mechanism is required and the tape data simply could not, and can not,
satisfy that critical resources management need.

Recently the ALSS equipment data extracted during this effort (limited
by personnel resources and time to 64 crewmembers involved in mishaps
during the period from 1 January 1969 through 31 December 1972) was
codified using Naval Safety Center equipment codes, entered into the
computer, proofed, and determined to be suitable for usage. As reported,®
the results greatly exceeded the team's hopes and expectations in terms of
reducing the magnitude of ALSS equipment e:posures/usages unknowns (i.e.,
the extracted data appear potentially capable of providing reasonable to
high accuracy rates of exposures/usages for each type/model of equipment
with relatively tight, identifiable "worst case" limits due to the small
quantities of "unknown types" or "not mentioned at all" types of ALSS
equipments). An interesting result of this effort was the identification
of a probable significant underreportage of ALSS garment damage. This
result is based upon the comparison of reported injuries, garments worn,
and the reported damage thereto for each of the 64 crewmembers. A letter
has been prepared and sent to the Naval Safety Center, requesting their
permission for the Naval Weapons Engineering Support Activity to examine
all post-1968 MORs/FSRs to extract the available ALSS equipment data and
also the reporting Medical Officer's description of the injuries sustained
and their severity.

As reported last year!? a review of the ejectee anthropometry revealed
potentially significant differences for each morphological feature between
the ejectee population values and the "representative" population values
reported in the two earlier referenced U.S. Navy aircrew anthropometry
standard references. In developing and examining these data and then
comparing them to standard, accepted values, several data presentation
formats were developed and are used in a paper'! examining these data for

Aircrew Life Support Systems (ALSS) Equipment Presence, Usage and Damage
During U.S. Navy A-b Series Aircraft tjections: A Preliminary Study (1
January 1969 through 31 December 19/9) by Frederick C. Guitl

U.S. Navy Ejectee Anthropometry, 1 January 1969 through 31 December 1979 by
FredericE C. GuiTl, presented at the 20th Annual SAFE Symposium 5,6,7,8

December 1982

U.S. Navy Aviation Mishap Aircrew Anthropometry: 1 January 1969 through
3] ﬁecemger 1973 by Frederick C. Guill
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all U.S. Navy mishap aircrew (i.e., those in AAES and in non-AAES fixed
wing aircraft and in helicopters, exclusive of non-aviation personnel
passengers). The problem in the earlier examination of these data for AAES
equipped aircraft mishap crewmembers was that there was no way to
definitively determine the reasons for the differences in values and value
distributions occuring between the ejectee and "representative” popula-
tions. It was possible that the differences resulted from errors in
measuring the ejectees or in transcribing that data into the MORs/FSRs
(examination by the author of the paper found no transcriptional errors
occurring at the Naval Safety Center when comparing original MOR/FSR data
to the computer tape data). Another possibility which might account for
the differences is that the developed "representative" populations studied
were created to represent the entire spectrum of Naval aviators while the
ejectee population might be a population constrained by cockpit dimensions
or other aircraft type peculiar factors thus forming a unique AAES
subpopulation of Naval aviation. Yet another explanation conceivably could
be that the techniques in creating the "representative" populations were in
some manner biased, creating errors. These and other potential
explanations are being examined using the three aircrew subsets' (AAES,
helicopter and non-AAES fixed wing aircraft) and, in addition, the total
mishap aircrew populations' anthropometry. The issues at hand coull
influence among other things cockpit design, garment design and stocking
plans, escape system designs, and aviator personnel
assignments/utilization. 1t is conceivable that the results could
influence the assumptions and methodologies employed in future
anthropometric studies of U.S. Navy aviation personnel.

The National Aeronautics and Space Administration recently has
re-examined the fssue of orbiter vehicle crew escape for certain, very
specific scenarios. One set of scenarios envisioned ditching the orbiter
which would entail a water touchdown at speeds of 200 knots or greater. A
limited study of Naval Safety Center data and National Transportation
Safety Board data suggested that for normal and reasonably safe aircraft
ditching, speeds needed to be well below 150 knots to avoid extreme
structural damage and consequent high mortality rates. Considering the
orbiter's pressure hull within an outer fuselage construction in which the
two are interconnected by mechanical means rated for 9G's, the flight deck
structural strength, and the single ingress/egress hatch in the vehicle's i
side which passes through both the pressure hull and fuselage (and hence
might jam as a result of ditching forces), an informal note and a briefing
were provided to the Johnson Space Center orbiter management personnel

suggesting orbiter ditching could be expected to be very hazardous. |

Similar questions were posed earlier this year with respect to the
experience with manual bailouts from aircraft with a view of possibly
considering manual bailout from the orbiter under specialized scenarios. l
Unfortunately, due to the priorities of Crew Systems Divisions' needs, the

temporary loss of several key personnel and the current incompleteness of
the program's bailout log, no answers have been furnished. However,
perusal of the bailout log in its current state suggests that many well
accepted "facts" concerning manual bailout and especially concerning the
safety of the crewmember while in the vicinity of the aircraft during
bailout may require significant revision.
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Early this year, the Naval Safety Center, Norfolk, furnished to the
Naval Weapons Engineering Support Activity computer tape extracts of data
from MORs/FSRs and other mishap report forms for all aviation mishaps from
1 January 1969 through mid-1982. Due to changes in OPNAVINST 3750.6 there
were numerous, significant and, to some degree, troublesome changes in the
data format on those new tapes such that the data are not precisely com-
patible with the earlier AAES mishap tapes. A major portion of the pro-
gram's personnel resources has been engaged in developing the means to
employ the tapes interchangeably and to identify changes (e.g., signifi-
cantly revised narrative synopses of some cases, etc.) wherein Naval Safety
Center assistance will be required. This effort is nearing completion and,
as mentioned earlier, the first steps to employ these new data have been
taken in developing the mishap aircrew anthropometrics.

As the program team began acquiring and learning the nuances associated
with the 3-M System data, warnings were received concerning the differences
in speed at which the flight hours, the maintenance actions, and the
maintenance man~hours data were entered into the system. As reported last
year12 sources of this information alleged that these differences in the
speed of reportage and recordage could produce significant errors. As was
also reported in that paper, the pilot sample examined did not appear
subject to major problems, but that the issue would be further studied.

The data is now being acquired and, unlike the normal manner for its
retention, being held in discrete monthly increments for all AAES equipped
aircraft escape system elements. Unfortunately limited personnel resources
have precluded conducting the necessary examination. One other factor
discovered and reported in that paper concerning 3-M System data for AAES,
was that the 3-M System does not include a significant amount of Naval
Aircraft Rework Facility (NARF) data and, even if it did, a superficial
survey of the AAES induction and processing procedures employed by several
NARFs revealed a wide variance between the NARFs with respect to the manner
in which similar seats were treated. The nature of these differences would
result in highly different levels of activity and costs reported even for
identical seats. Hence, at the moment, since maintenance efforts removed
from Fleet level activities might not be eliminated totally but, rather,
shifted in part or totally to NARF level, there exists at present no
reliable means for comparing the true cost of AAES ownership and the
maintenance action and expenditures data avaitable may therfore in fact
distort that cost (Figure 2) signficantly, creating erroneous impressions
of superior/inferior maintainability relationships among competing AAES.
Figure 2 illustrates, using hypothetical examples, how the quantity of
effort planned or actually expended at NARF level might impact the Navy's
cost of AAES ownership. The figure also illustrates how the 3-M System
data, when not supplemented with the NAR" level data, could result in
misleading maintenance/maintainability estimates and comparisons and,
possibly thereby, lead to poor decisions concerning AAES competition,

'2precautions Required in Using U.S. Navy 3-M (Maintenance and Material
Management) System Data for Analyzing or Comparing Aircrew Automated Escape

dystems by Frederick C. Guill, presented at the 20th Annual SAFE Symposium,
,0,/,8 December 1982,
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proposed AAES design features and approaches, or proposed AAES changes.
Action is planned to solicit NARF AAES maintenance procedures and data with
hopes of developing a rational, standard approach for evaluating AAES cost
of ownership following its acquisition.

In this connection, an opportunity arose, and action has been initiated
to acquire a "user friendly" life cycle cost (LCC) and design-to-cost (DTC)
model for U.S. Navy AAES/ALSS directly usable by Navy AAES/ALSS engineers
and managers at any facility. It has been interesting and extremely
disturbing in past Crew Systems Division exercises to expend considerable
scarce resources to enhance AAES corrosion resistance and AAES/ALSS
maintainability (i.e., reducing frequency of maintenance, time to maintain,
numbers and cost of spares, etc.) only to find that the new AAES or ALSS
which has been saddled with a large development cost and now often costs
more than earlier models is penalized by present U.S. Navy LCC approaches.
The LCC approach for small equipments, which include AAES and ALSS, has
been to take a fixed precentage of the acquisition and development costs,
multiply that fixed percentage by the expected life of the article and add
the resultant to the acquisition and development costs to determine the
AAES or ALSS article LCC. Naturally under this approach, the expenditures
and increased initial acquisition costs associated with enhancing the
design in the expectation of reducing the costs of ownership during the
article's service life not only are not recognized as beneficial, but
actually serve to penalize the article (a very strong disincentive for
using improved technological know-how for producing equipments to better
survive and function in the very hostile marine environment in which the
U.S. Navy operates and in which many of the emergencies occur requiring use
of these equipments).

One major problem evident early on in this program concerning MOR/FSR
recorded data was the need to ensure that (1) the data were accurately,
carefully and thoroughly generated and recorded concerning the retrieved
conditions of AAES and ALSS, (2) the data were accurately, and thoroughly
generated and recorded concerning which AAES and ALSS equipments were
involved in mishaps, and (3) the quality of the data being generated be
enhanced. Since it was impractical to establish a team, or several teams
of experts solely dedicated to investigate AAES/ALSS emergency usage and
since the personnel assigned to perform the AAES/ALSS retrieval and
examination process normally were on a temporary detail and were not fully
expert with respect to the configuration, usage, functioning, and
normal/abnormal post-use condition of these equipments, a low level, barely
funded effort has been underway to create field investigator guides to
assist the personnel assigned to that often unpleasant duty perform the
duties reasonably well. Those guides drafted and now ready for trial use
and comments are published in this document.

Finally, as noted earlier, comparison of ejectee injuries and reports
of ALSS garment damage has suggested that the damage is being seriously
under reported, a condition that can lead to complacency within responsible
Navy and corporate managements and serious problems and/or fatalities among
aircrew. The program team is formulating a concept for attempting to
identify among present ALSS equipment, areas of high probability of having
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sustained damage. The concept is briefly reported and illustrated in a
separate paper (footnote 7). If successful, this tool will be offered to
the Naval Safety Center, the Air Force Inspection and Safety Center and
other interested government agencies.

COMPARATIVE PROGRESS

Figure 3 illustrates the stages of program progress which had been
achieved when the previous report (footnote 3) was issued and the stages
which have been achieved during this past year.

PROGRAM PROBLEMS

The primary problem facing this program, as any of the very dedicated
team members will inform you if asked, is there is so much that urgently
needs to be done and so few resources with which to accomplish that work.

Already, the computer facility seems to have been filled and still the
penurious program sponsor wishes to incorporate additional vast amounts of
data and then immediately have it spewed out in multiple analytical
approaches in zero time,

The program has been fortunate that, in addition to its meager official
funding, it has received funds from several activities, including the Naval
Weapons Engineering Support Activity itself, that equal or exceed the
official budget and which have permitted more technical experimentation and
earlier achievement and/or initiation of planned milestones. In addition,
the program team has received considerable valuable assistance, so far at
no cost to the program, of several personnel having special knowledge and
skills needed to ensure the timely achievement of the programs' many
intermediate and final objectives.

CONCLUSION

Those of us working on the Aircrew Automated Escape Systems (AAES) and
Aircrew Life Support Systems (ALSS) Equipments In-service Usage Data
Analysis Program believe strongly in the program and in its potential to
soon begin to visibily benefit the U.S. Navy and are striving to make that
happen at the earliest date possible.

e
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UeS. NAVY ALRCREW AUTUMATED ESCAPE SYSTEMS (AAES)
ANV
ALRCREW LIFE SUPPORT SYSTEMS (ALSS)
IN-SERVICE USHGE UATA ANALYSLS PROGRAM

AUTOMATED ANALYTLC TUULS AND PRUCEDURES: A KREPURT UF PRUGRESS ANU
LUNG-TERM PLANS

tharies W. Stokes 1l1
ABSTRALT

Tne Analytical Systems Uivision (ESA-31), Naval weapons tnylneering
Support Activity, wasnington, U.C., unger tasking tfrom the Lrew Systems
Divasion, Navai Air Systems Command, washington, U.C., has Deen aeveloplng
systems for analyzing in-service usage data concerning aircrew automated
escape systems (AAES) and aircrew lite support systems (ALSS). Initiad
eftorts, gevoted to yaining familiarity with the gata and ogata sources,
have essentlally been completed. As a consequence of the eariler errorts,
tSA-31 has become cognizant of many problems with the gata as regards its
use to satisfy tne Crew Systems Division's neeas tor information to aiu in
their ovecision-making processes. As aiscussed in tnis paper, these eariier
efforts have (1) permitted refinement of estimates concerniny cata needs,
the associated effort required to acquire the aogitional gata and the
relateg expansion in computer capacity to store, access ana analyze the
adaitional data, ana (2) resuited in the formulation and initial
development of several conceptual tools for analyzing tne cata.
Adoitionally, as a consequence of working with the availavble data, concepts
are peing considered ang formulated with a view towards enhancing the
guantity ana quality of the raw cata provided to the Naval Safety Center,
Norfolk, without increasing the report preparefr's etrort. Also Deiny
considered are means for proviaing Crew Systems Division and perhaps its
fielg activities user-friendly, controlled girect access to tne geveioped
gata base.

INTRODUCTION

Tnis paper presents a orief report ot the proyress of the Analytical
Systems Division (ESA-31) of the Naval weapons tngineering Support
Activity, washington, D.C., 1n the development or a system Of
computer-pased procedures, techniques and tools in support of the Alrcrew
Automated tscape Systems (AAES) and Aircrew Life Support Systems (ALSS)
tquipments In-service Usage vata Analysis Proyram. Successful
implementation of such a system will result in a unigue AALS/ALSS
information resource pasea upon an inteyrated repository of gata from sucn
suurces as Meaicul Urficer's Reports (MUR), Flight surgeon's Reports (Fsk),
Mishap Investigyation Reports (MIR), Search and Rescue Reports (SHR), the
Maintenance and Material Management (3-M) System, Naval Air Hework Faciiity
(NARF) vata Systems, Subsystem Capability Impact Reports (SCIR),
Unsatisfactory Reports (UR), Wuallty Deficiency Reports (WoR),
Configuration cvontrol Systems, and various reports on equipment testiny,
cost, inventory and operation.
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A companion paper ! by the program SpOnsoOr presents @ ITepOrt of ovelald
programn proyress.

RECENT PROGRESS

The iong-term automation opjective remalns the same (l.e., TO ulllizZe
state-of-the~art intormation technology and analytical technigues Lo
support the Crew Systems Division (AIR=534) of the Naval ALr Systeins
command, Washington, U.C., 1n 1ts gecision-making process by adevelopiny
techniques useful Tor performing periodic, routlne analyses ang for
performing unique, hiyniy speclialized studies). However, lessons learnea
from the program's recent experience with MUR/FSK gata 1nglcate that
original estimates of equipment resources requirea to meet the long-term
automation objective were far too low. Figure 1 depicts the 1nitial
acquisition and analysis process ftor Medical Urficer's Report ana Flight
Surgeon’s Report data.

Of greatest impact was the discovery tnhat the computerized MUR/FSR cata
is of insufficient getail to permit meaningful analysis of ALSS equipment
usage in the detail required py the Crew Systems Uivision in 1ts gecision
making processes. There is, however, a larye body of adaitional, detailed
data available in the original naragcopies of MUKs and FoKs. The Naval
Safety Center nas recently granted ESA-31 access to these oriyinals. The
extracted data will be entered into £ES5A-31 computers thus proviginy a more
nearly complete picture of actual ALSS equipment usage histories. Aoaing
to this the possibility of cevelopiny MOR/FSR format recoras trom tne
recently geveloped loys of manual baiilouts and pre-iv6y ejections; the
sooner-than-planned processing of nelicopter ana other nNON-AALS aircrart;
tne annotations and comments aduea oy the project sponsor, AlR-531C; ana
the other unforeseen or eariler tnan oriylnally planneu &uditions resultliy
from the evolutionary process of defining data, cata sources, gata
limitations, Crew Systems Division neeas, and specitlc computer runctiuns;
it has become obvious that our initial estimates of computer capacity
requirements are no laonger ageguate.

Current project plans, therefore are (i) to Conguct an exnaustive stuay }
of current computer technology and trenas and (<) to develop estimates of '
the quantity of data, the response times ang the gata and anaiytical
presentation format parameters whicn will strongly influence the types of ]
technology requirea if the proyram is to pertform in the manner lntenued. ‘
It 1s also planneg tu develop a S-year, step-Dy-step plan to meet the

U.S. Navy Aircrew Automated Escape Systems (AMES) ana Aircrew Life Support l

Systems (ALSS) In-service Usage Data Analysis Program: A Progress Report
and Report of Longer Term Plans by Frederick C. Guill

ed b
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long-term objective of a user-trienaly analytical tool witn an inteyratea
ogata base including cata from the MUR, FSK anag other Sources wnicn are
required for the conduct of special in-geptn analytical studies as well as
the on-line, quick response to queries. (NOTE: It 1s intengea tnat tnose
techniques which prove useful to Crew Systems Division ano would pe desired
on a routine, perioaic oase will be made available to the Naval Safety
Center, Norfolk, so as to aveig any duplication of mission or etforts.)

CURRENT SYSTEM - September 1983

In the past year significant impruvements nave oeen mage to components
of the AAES/ALSS data system at tne Naval weapons Engineering Support
Activity (ESA-31), washington, D.C. (Figure 2). Tne project previousty
shared a minicomputer with ail of the otner projects ana administrative
functions of the Analytical Systems Division (ESA-31). But, since June of
this year, a new Wany 220U MVP minicomputer nas been acquired and is now
dedicated solely to tne AHES/ALSS proyram. Tnis ouubled the available
memory and storage capacities and greatly decreasea processing time.
However with tne adaition of MUR/FSR recoras through mig-19s2 tor inlshaps
involving AAES-equipped aircraft, ang recoras since 1 January l%eYy for
nelicopter and other non-AAES aircraft misnaps, the iiamits of the current
on-line storaye nave opeen reacnea. To aileviate tnis congition the project
team is developing procedures whicn wiil store the less-used gata uft-iine
on magnetic tape to relieve some of the capacity pressure, but will keep
these data quackly and easily accessible fror processing. Tnis preiiminary
capabllity to process non-AAES misnap data couplea witnh tne evaluation of
AAES/ALSS data in the U.S. Navy 3-M (Maintenance ana Material Manayement)
System marks the peginning of the acevelopment of an i1nteyrated AAES/ALSS
data pase.

A major software improvement has been the gevelopment ot a
user-frienaly computer program for searching MOR/FSK narrative synopses or
supplemental narrative data for specific words or phrases; ana for each of
tne mishap records therepy selected, to display the narratives on a
computer terminal screen or to comoine narratives and assoclated coditled
data and print a report. Tnhis capability has made 1t possible to easily
expand the set of records selectea by searching not oniy tne cogifled Gatd
but also the narrative cata to inciude records which have inaications of a
specific problem of interest in the narrative synopsis section but not in
the codifiea data. Tne additional information providea by these records,
which otnerwise would not nave been seiectea, has often proven tu oe
extremely important for proper definition of the extent ana seriousness of
proolems ang for aiding in identifyiny, or limitiny the guantlity or, their
propaple causal factors and mechanisms.

Oue to the limits of ESA-31l's current computer confiyuration,
cevelopment of tne simulation model and of the computer proceaures for
analysis of U.S. Navy 3-M (Maintenance and Material Manayement) System gata
must bDe accomplishea on outsice computers. As a preliminary step in the
development of a prototype escape system simulation mouel, the project 1s
examining fur possiole applicability an existinyg mogel wnich was develigped

.
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oy tne Naval Air Uevelopment Lenter (NALC), warminster, Pa. Tne present
cSA=-31 computer confiyuratlion goes NOL support this mouel's computer
language (Control vata Corporation FURTHAN) or its internal memnury
requirements, consequently as a temporary measure this project is
sponsoring the conversion ot tne mooel to a iarge IBM computer 4t Che
Uepartment of tnergy's Oak iioge National Lavoratory, Uak Riaye, lennessee,
preparatory to moditying tne proygram ror use 1n analyziny escape atteinpts.
when tully modified, tne mogel whicn currently is used in testiny and test
gata analysis using pre-getermined values sucn as weignt, center of
gravity, etc., will include suoroutines to dgevelop ejectea weight and
center of gravity based upon ejectee antnrupometly anu ALSS contlguration.
In aaaition, the mogitied model will accommogate aircraft fiight ang
gjection response charaCteristics versus tne current mouel's applications
to flixed track sleds. Simiiariy, the volume of 3-M gata to De processed
exceeas in-house capavllities at this time and thne processing requirea to
ascertain Crew Systems Uivision needs is currently peing done at tne
U.S.A.F. San Antonio Data Service Lenter, San Antunio, Texas.

INITIAL UUNCEPTS FOR LUNG-TERM SYSTEM

Towara the long-term yoal to provige user-frienaly analytical ana
dec1sion support tools, there are several yeneral concepts which may prove
to pe viaole: automatic computer 1nput of raw gata, dutomaleu gata
valigation, completely integrateo cata base, user-triendly analytical
procedgures ang decision support, and a properly protectea, iimiteg ang
controlled-access telecommunication Network provioiny access Tor tne (rew
Systems Livision and its participating tield activaties (Figure 3).

At present FSH data 1s recorded on paper forms prescriped Dy UPNAV
Instruction 3750.6. To De processed by computer the FSK vata must oe
transcrioed, incluaoing summarization of narrative ana other textual data,
for entry into tne Naval Safety Center's computer gatd base. Uur
experience nas shcwn tnat the transcription process is remarkably accurate;
most errors and omissions, upon checkiny, were founu tu Nave been on the
originai documents. However, summarization of the narrative information,
which is necessary yiven tnhe constralnts on computer capacity, can often
result in the omission of information which may be extremely imgortant in
some unforeseeable in-deptn analytical stugy. Ang, tne valuaple
information found in sketches ana pnotographs is not availablie ror stuay
except Dy manual means. It is possinie tu make tne cata coilection ang
recordation process more effective andg efficient potn for the investigators
ang gata recorders i1n the rield ana ror the later users of tnat cata, oy
naving mishap investiyators use portaple computers to develop and store
gata at the accident scene anu To prepare the acciuent reports. such a
computer approach would contain error-checkiny routines ana step-by-step
procedures ror searcniiy for anu evailuallny evidence and  snoulad
dramatically reuuce error rates whiie ensuring the collection of soime
potentially valuapnie gata wnich at present is often nOt coliected. AL such
time as resgurces permit, such equipaments ang proceuures willi be
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developed and initial trials conductea "in the fiela" guring AALS testlny
whicn in essence represents a controlieo, manufactured mishap scene with
which to experiment. If successful, such procegures would not oniy ennance
the quantity and quality ot misnap data available for analyses, but would
(1) ennance that agata with appropriate controlleg test gata (2) enhance anu
expedite the collection of AAES test data including the effects on tne
associated ALSS, thereby improving tne knowleage acquirea from each test
ana test series ang probably reaucing the cost, risk and time to conauct
the test series anad anaiyze the data. Meanwhile, while paper forms remain
in use, optical character readers or similar technoloygyy might be usea to
directly input to a computer cgata which 1s not presently entered and even
some that currently is entered. Advances in yrapnhics and image processiny
could make even computer anaiysis of sketcns and photoyrapns practicabie.
Tnese ana other innovations for entering the gata will pe explorea unger
this project to dgevelop techniques ror more rapidly ang accurately
analyzing the FSR data and for performing these anaiyses in the detail
required to support the AIR-531 decision-maxking process.

Once raw data is presented to tne system in a computer-readable format,
it is planned that automatic validation proceoures will check inter-
: relationships among the cata (see example Figure 4). These woula flay tne
! types of errors which are not often getected in routine editlny proceaures
(e.g., wrony seat/aircraft combination, conflicting anthropometric
measurements, erroneously attriputea operatiny characteristics, etc.)
g Upon detection, in many instances automatic remedies could pbe effected ana
P : reported or, in others, the problem identified ror resolution by team
personnel. This facet of the problem is peing examineg to ascertain means
i for ensuring that the data used in the required analyses are valig gata,
for otherwise the resulting analyses could pe worthless or, worse,
misleadiny ana deleterious to tne safety of aircrew, grounacrew, ships, ana
facilities.

At the core of an effective, efficient system 1s an inteyratea on-line
data base containing all pertinent cata. It shoula provide a complete
nhistory of AAES/ALSS in-service (peacetime and combat) experience as well
as equipment specifications, quality assurance and test cgata, and current
and projected aircraft/AALS inventories and operations. Sucnh a systen
would permit identification of present problems ana assessment of tneir
i potential for causing harm in tne future (i.e., if a probiem piayuea system
is scheauled to be removed betfore a fix could e geveloped, proven,
manufactured, and i1nstalled, the scarce AALS/ALSS resources might more
profitably pe appliea to other proolems). These data would be structured
so that information could be quickly ana accurately obtained via a computer
terminal without new programming but thnis woulo not preclude new
programming required by special, extendeg analytical studies.

It is expected that the day-to-gay operations of the system will oe
that of an intense, interactive environment with three paslc user types:
(1) computer speclalists who maintain the system ana create new programs,
(2) analysts who conauct studies, and (3) AAES/ALSS managers who use tne
system to formulate questions for detailed analyses with which to gevelop
information for, and supporting, decisions and plans.

[ . 1-63




Accordingly, the primary automated tools neegeg Dy each type of user
will pe dirferent. Computer specialists' needs wiil 1nclude a Data base
Management System, an extensive repertoire of programminyg lanyuage ana
utility programs, automatic documentation of programs, ana otner
proyramming aids. Analysts will pe the prime users ot getailea simulation
mogdels featuring, among otner aspects, two-gimensionair ana tnree-dimen-
sional graphics of aircraft and AAES behavlior auring a misnap (see example
Figure 5), stancara statistical anaiyses techniyues ana speclaily Gevelopeq
AAES/ALSS life-cycle cost models, on=-screen oody-injury vs. ALSS Oamaye
comparisons, on-screen escape event sequence "what 1f" analyses and other
similarly complex analytical tools ang technigues. The managers wiil also
use simulation and life-cycle cost mogels Dut normaily at the niyhest ievel
of detail. Management's primary tools unaer this project will be very
user-frienaly programs with capabiiities for rapig indexiny ang
cross-referencing to retrieve information from cata bases of summary
statistics, publisned studies, reports, as well as approprilate regulatlions
ana other documents.

Management level users may also require tnat a telecommunication
network pe established or, optionally, that stano-aione gesk top computers
pe proviced for their needs. Each option presents a aifferent set of
problems. Because of the sensitivity of the MUR/FSR cata due to the
Privacy Act concerns and the extensive efrorts which have been and will oe
expended in ageveloping the uniquely expanded data bases, a telecommuni-
cation network would have to be proven reasonably secure from unauthorizea
access both to preclude unauthorized use of this privileyed cata ang to
prevent camage to the unique, one-of-a kKino cata bases and programs. A
stand-alone desk top computer would contain a copy of appropriate portions
of the central computer data base necessitating strict synchronization of
the growth ana enhancement of the central data and all copies.

CUNCLUSIUN

Tne preliminary concepts presentea nere are oniy estimates or what tne
final system might contain. The development of frormal plans for a
step-ny-step evolutionary process to reacn system yoals 1S 1n proyress. As
each step 1s taken, our goals wiil pe re-evaluated, taking into account
changing tecnhnology, changing user neegs ana the lessons learned at each
step of tne process. Tnere is no fixeq priority of implementation of these
concepts, but generally the analyst's neeas wiil De addressed rirst, even
if it means using outsice computer sites, the computer specialist's needs
second, and finally the needs of management level users until a basic,
working system nas been deveioped and proven.

HMs a program requirement imposed upon the Navali weapons Engineeriny
Support Activity oy the Naval Air Systems Commana sponsor, any automated
tools developed and any routine, periouic analytic techniques ana formats
developed will pe mace available to the Navy, Air Force ana Army Safety
Centers and other interested government agencies.
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INTRODUCTORY NOTES

ANALYSES OF TEST AND R&M REQUIREMENTS OF U.S. NAVY AAES/ALSS SPECIFICATIONS

The requirements imposed by the U.S. Navy upon the designer, developer
and manufacturer of aircrew automated escape systems (AAES) and aircrew
life support systems (ALSS) equipments are established in the primary
specifications for each type of equipment. The problems faced in
establishing these requirements are manifold, among of them being impact on
costs (development and procurement), impact upon Navy staffing
(particularly maintenance personnel and skills), impact on facilities (type
and frequency of maintenance), immpact on availability schedules, and
incremental gains in performance and reliability vs. incremental increase
in development and procurement costs.

Specification requirements typically cover such mundane topics as
quantities and conditions of tests to be conducted, the type (production or
production design but not production tooling and procedures built) articles
to be tested, the type of data to be acquired, general description of data
recordation equipment needed (cameras, frame speeds, telemetry, umbilical,
etc.) etc. The issues then, and difficult ones to resolve satisfactorily
since often the technical aspects are not the predominant aspect, are: do
the specification requirements (1) assure achievement of stated test
objectives such as demonstrating performance capability or permitting
assessment of system reliability, and (2) are the resources sufficient for
achieving those objectives and optimally employed to assure their
achievement.

The three primary specifications governinng at present AAES test
article configuration and type, quantity and type results as well as type
of data and of test instrumentatinn, and of R&M (reliability and
maintainability) are, respectively, MIL-S-18471F, MIL-E-9426F and
MIL-STD-2067. The following paper analyzes these three documents in terms
of test resources utilization vs. stated testing objectives and identifies
strenghts and weaknesses in the approaches employed and recommends areas
requiring in-depth evaluation to ascertain appropriate actions for
enhancing the requirements' capability of achieving those stated
objectives.
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A Review and Critique of the
Specifications governing Design,
Performance, R&M Evaluation and Test
for U.S. Navy Ejection Seat Type
Alrcrew Automated Escape System,

G. Ronald Herd
Applied Sciences Group,Inc.
P.0. Box 1205
Vienna, Virginia 22180

This study was supported by Union Carbide Corporation under Subcontract
62X-43190C and developed for the Naval Weapons Engineering Support Activity
(ESA-31)
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ABSTRACT

The U, S, Navy has established test requirements for
aircrew automated escape systems (AAES) in three basic
documents: MIL~S-18471F; MIL-E-9426F(AS); and
MIL-STD-2067(AS). This paper reviews those AAES test
program requirements from a statistical point-of-view and
makes recommendations for improvements in test planning and
data analyses.

The statistical technique of "analysis of variance” is
applied to specific Navy-furnished sled test data for peak
Gz, pitch, roll, and yaw rates to illustrate the potential
applications of statistical procedures to the analysis of
test data. Several recommendations for improving the
collection of data and the analysis of the data are
presented for consideration at the conclusion of the paper.

1-75

-




Py

TABLE OF CONTENTS

SUMMARY
INTRODUCTION

SERVICE RELEASE TEST PROGRAM
Design Compliance Tests
Track (Sled) Tests
Example of Test Data
Test Planrs

RELIABILITY AND MAINTAINABILITY PROGRAM
SATISFACTORY TEST PROGRAM CRITERIA

STATISTICAL ANALYSIS OF SLED TEST DATA

Analyslis of Variance
Selection of Sample Size

CONCLUSIONS AND RECOMMENDATIONS

APPENDIX A: ANOV of Sled Test Data
APPENDIX B: Some Statistical Considerations
in Test Planning

[ FRECREU1NG Fa

[

—
o [@ AV, RV AV}

—

12

16

17
21

21




SUMMARY

The U.S. Navy has established test requirements for
aircrew automated escape systems (AAES) in three basic
documents, MIL-S-18471F, MIL-E-9426F(AS) and
MIL-STD-2067(AS). The purpose of this effort was to review
the AAES test program requirements from a statistical
point-of-view and that review included the above referenced
documents and test results of selected sled tests provided
by the U.S, Navy. The infomation obtained from these sources
form the basis for these comments.

The systems tests identified as the Service Release
Test program,although not so specified,constitutes part of a
test-analyze-and-fix (TAAF) program. Any "problem" that is
identified during the testing either from the marginality of
success analysis or performance evaluation is investigated,
defined, and its consequence(s) evaluated and the results
are reported to the U.S. Navy Program Manager for a decision
as to whether to initiate action. If corrective action is
deemed appropriate then the system test is rerun after the
corrective action is taken and proven in subsystem tests.
If a corrective action is taken as a result of a system test
and that action entails design changes, then qualification
testing must be accomplished at the component or subsystem
level before the system test is rerun. The objective of
this test program is to use lower, less costly, indenture
level tests to qualify the design at that level of indenture
and to use the system level tests (SRT) to assess the
interfaces or interactions among the system elements.,

This approach does not readily lend itself to the
classical reliability demonstration tests of M:I-STD-781;
however, there are statistical techniques such as the
analysis of variance which can be employed effectively to
aid the Navy in arriving at a decision to continue
development efforts or to release the seat for service use.
Futhermore, the techniques for allocation of test resources
among levels of system indenture, developed for NASA, should
be considered for use by the Navy in their AAES programs.

The sled test program is a critical test series in the
service release test program to determine the "man-rating"
of escape systems and especially of the component ejection
seats. Recent efforts to employ statistical techniques for
evaluating the performance of seat systems is encouraging
and one such possible application has been illustrated in
this repore.
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It is our belief that more emphasis should be placed on
the analysis of the data by statistical methods such as the
analysis of variance techniques illustrated herein. More
comparisons with data from other sled tests should be
conducted to detect similarities and dissimilarities,
weaknesses and strengths, and marginality of success and
safety problems.

The statistical technique of "analysis of variance" was
applied to specific Navy-furnished sled test data for peak
Gz, pitch, roll and yaw rates. The results from that
analysis indicate that for those systems:

. Tgere was a difference in response between dummy
sizes,

. There was no difference in response between trainer
and nontrainer seat configurations,:

. The was a difference in response among generic
seat configurations but the differences do not
impact on safety.

. There was no evidence of speed effect in these
specific response data.

The requirements for test plans should be expanded to
include a section on the statistical analysis of the teat
data. The statistical test plan should identify the rlaa(s)
by which the data will be analyzed, the risk of wrong
decision levels, and the least detectable differences .ased
upon the number of tests and the test design.
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AAES TEST PROGRAM

The U.S. Navy has established procedures for
demonstrating the compliance of new aircrew automated escape
systems (AAES) with the design and performance requirements
stipulated for e jection seat type AAES in MIL-S-18471F,
Determination of the conformance to requirements is
established, in part, through demonstrations and/or tests.
The test requirements are established in two basic
documents, MIL-S-18471F and MIL-STD-2067(AS) and the details
of the testing required are given in MIL-E-9426F(AS).

The purpose of this report is to review the test
program from a statistical point-of-view. An attempt has
been made to identify where statistical concepts and
techniques might be added or improved to strengthen the
analyses and results derived from the tests. Such results
should enhance the safety of Navy aircrew.

The AAES test program consists of two major categories
of tests - design verification and service release tests.
The design verification tests (DVT) are an integral part of
the system development program and are used by the
contractor to demonstrate to the Navy the capability of the
system and its components to achieve the design and
performance requirements and, therefore, the readiness of
components, subsystems and system to commence the more
expensive and rigorously controlled service release tests.
The Service Release Test (SRT) program commences after the
DVT program, after the full definition of the production
baseline configuration, and after the reliability and
maintainability and other analyses have been completed to
the satisfaction of the government procuring agency. The
SRT program is composed of component and system tests which
are used by the developing agency to determine if the system
is ready for service use. Decision criteria have been
established for the purpose of determining if the individual
tests and subsequently the SRT program is successful.

THE SERVICE RELEASE TEST PROGRAM.

The service release test (SRT) program consists of five
major types of tests of which the design compliance tests
are the most extensive and the most likely to be assisted by
statistical techniques, The types of tests in the SRT
program are:
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-Aircrew station fit and capability tests
(Engineering proofing model§

-Environmental conditioning & windblast tests

(production article)

-Component/Subsystem Qualification Tests (Full
production components)

-Design Compliance Tests (production units)
-Maintainability & Reliability Tests (production unit)

The data collected on each type of tect is used for that
particular evaluation and contributes to the evaluation of
system reliability.

Design Compliance Tests.(Ejection Seat Type AAES)

Design compliance tests are conducted to ascertain the
compliance of the escape system with specified design
requirements, crash load strength, and escape performance
requirements. The design compliance tests encompass five
primary categories of demonstration or performance and
those categories are:

-Crash loads strength demonstration

-Seat-man restraint physiological acceptability

demonstration

-Ground, track, ‘and flight performance demonstrations
.Impulse noise level demonstratlons
.Cabin air contamination tests (Capsules)
.Flotation tests (Capsules)

-Unde§water performance demonstrations (Components

only

-Field Maintainability verification demonstration

Performance tests on the escape system consist of the
ground, track, flight, and maintainability tests. An escape
system must, at least, complete the track and flight tests
satisfactorily to be released for service use. The purpose
of the performance tests is to provide data for assessing
system performance, to detect and identify existing or
incipient problems which might degrade system performance
and/or safety, to assess the system reliability and
maintainability, and to obtain data for consideration for
use in the NATOPS manual to inform aircrew of system
operation and capabilities.

Although it is not clear from the requirements, the
flow diagram in MIL-E-9426F suggests that the acquisition:
agency relies upon component testing to form the foundation
of thelr test program. Then, selected subsystems, such as
ballistic signal subsystem tests (BSTS) and system design
compliance tests are employed to confirm the lower level
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testing and to identify any harmful c: 1ponent or subsystem
interactions within the full system during the system tests.

Track (Sled) Tests.

Track tests are tests conducted on the escape system
mounted in a cockpit section of the aircraft mounted on a
sled and loaded with a fully ALSS-equiped dummy ballasted or
altered to statically represent the appropriate weight and
dynamic center of gravity to demonstrate the functioning of
the ejection, separation, stabilization, and recovery
subsystems and components at velocities representing the
complete dynamic pressure range of aircraft or vehicle. The
tests may be conducted from a jet-propelled sled or from a
rocket-propelled sled representing the aerodynamic and
structural configuration of the aircraft structure ad jacent
to the escape system and containing the escape system and
associated structures.

The number of ejection seats to be furnished to the
Navy for the SRT track tests are identified in AR-72 as 22
shipsets (e jection seats, canopy systems, and escape
sequencing systems each), a cockpit section sled, and two
ejection seats with inert ballistic elements and working
firing mechanisms. The components are required by
MIL-S-18471F and MIL-E-9426F to be actual production
articles, representing not only the actual design, but also
the production, procurement, inspection and assembly
procedures, and actual tooling and jigs.

Data acquisition for the track tests requires
instrumentation of the escape system structure and the
dummy, telemetry equipmemt to collect the instrumented data
at a central data control, photographic coverage of the test
events, and a master timing system to provide a single time
source to all the recording systems. For each performance
test, the data required to be recorded includes the
following:

-Site information
(location, altitude, heading, height above ground)
~-Meteorological data (measured at block house)
(wind, temperature, humidity, barometric pressure)
-Master times of events within the test
-Height, down range, and lateral offset from track
of the events
-Structure-mounted instrumented data vs time
(6 performance characteristics)
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-Dummy-mounted instrumented data vs time
(8 performance characteristics)
-Photographic coverage vs time
(11 performance characteristics)

The 25 performance characteristics listed above are not
necessarily independent; in fact, several are strongly
interdependent such as the acceleration measured on the
structure and on the dummy.

The number of track tests that are reguired for a single
crew station system is given in MIL-E-9426(AS) and is
presented in Table 1. :

Table 1. The Track Test Program for a Single Crew
Station System.

Speed Percentile Number
(knots) anthropometric of

dummy tests
0 3 2
98 2
50 3 2
98 2
100 3 1
98 1
265 3 1
98 1
360 3 1
98 1
L35 3 1
98 1
500 3 1
98 1
600 3 2
98 2
| Tota1 22

The major emphasis in the specifications is on data
acquisition and the requirements imply that measurements are
continually recorded throughout each escape system test.
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The number of different speed levels that are required for
the test program seems to be excessive. If speed is
considered important and it is necessary to determine the
effect of speed and if funding limits the number of trials,
then the concentration of tests at two or three selected
levels (say, high, low, and intermediate levels) is more
effective in that determination than spreading them
uniformly over the range of speed. It might be appropriate
to conduct the low speed tests at 50 knots (representing
landing mishap speedg and 100 knots (representing cold
catapult launch speed) and these two speeds might satisfy
the information needs on the specific "high-risk"
operational conditions in the low speed range. If
demonstrations are desired at the higher speed risk
conditions, then tests at the 500 knots or 600 knots might
satisfy that need.

Example of Track (Sled) Test Data

Data provided by the Navy from some past sled tests are
presented in Table 2, These data consist of four
measurements (maximum values) taken during each test on
three different generic ejection seat systems. These data
are measurements on similar events in each of several tests.
Each generic ejection seat system was adapted to two
aircraft - usually a trainer as well as the combat system.
The four measurements (independent point measurements) that
were recorded during each test were the maximum 20 msec
duration peak measurenments on vertical acceleration (Gz) on
the dummy during the booster phase and the maximum 20 msec
duration peak measurements of yaw, pitch, and roll rates
(deg/sec) on the dummy during the flight phase. Each test
was conducted at a selected ejection speed between zero to
600 knots. The basic data on similar event types within the
test sequence for ejection seat models designed for the A-7,
TA-7C, AV-8A, AV-8B, F-18 and TF-18 are presented in Table 2
for each of two dummy sizes, a 3-percentile size and a
98-percentile size. A P-percentile anthropometric dummy
size is that dummy size which corresponds to an aviator size
that divides the population of aviators into two groups with
P percent of the aviators smaller in size and (1-P) percent
of the aviators larger in size.

There are a series of different events within a test
that are related through time thus forming a time series
such as the acceleration measured continuously during a
test. The time serles events form a different set of
interrelated measurements that should be studied at some
future date.
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Test Plans

A test plan is required from the contractor for approval
prior to the commencement of any tests. The plan
requirements include:

-Test objectives

-Description of each planned test
.equipment & facilities
.performance characteristics
.accuracy of test instrumentation

and recording devices

.data to be recorded
.marginality of success plan
.analysis plan

-Safety procedures

-Schedule

The major emphasis in the plan is on the acquisition of tne
data. The analysis plan is directed toward the organization
and display of the data such as trajectory plots and data
matrices but little or no emphasis on the statistical
analysis of the data acquired. There is no requirement for
a statistical data analysis section to the test plan but
such a requirement should be established.

RELIABILITY AND MAINTAINABILITY PROGRANM

The reliability and maintainability (R&M) program
required by MIL-S-18471F is defined and the quantitative
requirements are specified in MIL-STD-2067(AS).

MIL-S-18471F establishes an overall system
erfectiveness analyses program of which the reliability and
maintainability (R&M) program is a part. The system
effectiveness analyses consist of vulnerability, R&M, human
factors, system safety, and electromagnetic
interference/radiation control. The author of the
specification stated that combining these analytical
specialities in this manner was done to assure program
management attention. It was assured that each problem and
proposed resolution was reviewed from all these viewpoints
before presentation to management for action; thus, either
obtaining a consensus among these specialists, or, more
importantly, exposing the areas of disagreement and
anticipated problems associated with each proposed
resolution to program manage .ent. This "completed staff
work" approach was informally invoked in the SIIIS-3 program
before being made a formal requirement. There is a hazard,
recognized by the author, that such an approach could lead
to interminable argument and no information flow from these
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areas to the program manager. Without this pesitive
reporting on problems from the specialities there is a
danger of differing views being expressed too late in the
program to be considered without expensive and time-delaying
recycling through a design effort.

The R&M program requires a program plan to be submitted
for Government procuring activity approval and, following
that approval, for the contractor to implement the program
plan under Government guidance and review. The R&M plan
must be implemented in accordance with MIL-STD-2067(AS),
MIl-STD-785, AND MIL-STD-470., A reliability model must be
developed and it must be capable of handling the effect(s)
of degraded performance. Allocations and predictions must
be employed. Failure mode effect and maintenance action
rate analyses must be conducted. Single failure point(s)
must be investigated and resolved and, during testing,
marginality of success analysis must be performed to
identify any actual or potential anomalous behavior(s);
which if found, must then be reported by the contractor to
the Government Program Manager, whether or not corrective
actions can at that time be ﬁroposed. Another critical
aspect, required in MIL-S-18471F, is that after the
engineering proofing article has been approved,a complete
history of configuration changes must be maintained,
detailing each design change, alternative actions
considered, rationale for the recommendations and the cause.

The service release performance tests (a part of the
design compliance tests) are used to assess the attainment
of the specified reliability requirements for the AAES while
maintainability demonstrations are conducted by Government
personnel in accordance with MIL-S-18471F (providing the
test article), MIL-E-Q426F and MIL-STD-471,

The quantitative requirements for AAES reliabilities
are specified in MIL-STD-2067(AS) for each mode of AAES
functioning. The reliability requirement for the AAES
condi tional upon crew actuation of a firing control handle
is "expressed as the probability that the AAES shall perform
successfully and automatically all escape capabilities
following initiation, shall be equal to or better than 0,98
at the 90 percent lower confidence level”. This statement
is interpreted to mean that the design reliability
requirement for the AAES shall be greater than 0.98 and that
it must be demonstrated to be equal to or greater than 0.98
with the risk of rejecting a good product of 10 percent,
i.e. a type I error of 10 percent.

System reliability demonstration is achieved by
analysis employing component reliabilities at their lower
90% confidence level based upon historical component and SRT
data, and by the successful completion of the SRT program.
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This approach to reliability demonstration does not
lend itself to the classical reliability demonstration tests
of MIL-STD-781., That feature is not a demerit in our view;
however, more effective use of the reliability analysis
should be achieved. When the reliability analysis is based
upon historical data and the uncertainties assocliated with
the quantitative values can be established as implied by the
90% confidence level phrase, then the uncertainties can be
used to allocate test resources among the component and
system tests to achieve the greatest reduction in total
uncertainty. It is obvious that this is the objective of
the Navy, but implementation techniques are not identified
or required. We suggest the reliability variation analysis
technique developed for NASA be considered as one possible
technique. This technique is presented in two reports
"Reliability Variation Analysis", Booz-Allen & Hamilton,
Contract NASw-643, 1963, and "An Evaluation of a Test
Allocation Procedure" Kaman Sciences Corporation, Contract
N0OO1L40-66-C-0517, 1967 (AD 845875/6)

System maintainability requirements for the AAES are that
the direct maintenance manhours (DMMH) shall be less than
1.75 hours per aircraft-month and that no single ejection
seat system shall have DMIH of more than 0.05 hours per
35-flight hour month. The mean time to repair (MTTR) for
the AAES shall not exceed 0.85 hours and the maximum
corrective maintenance time, at the 95th percentile, shall
not exceed 2.5 hours

SATISFACTORY TEST PROGRANM CRITERIA.

Under MIL-E-9426F, results from individual system tests
can be classified as acceptable, failure, or "no test". A
"no test"” occurs when a failure of the test fixtures, set
up, maintenance, etc. does not allow information to be
obtained or affects the validity of the information on the
escape system performance. A failure occurs when the escape
system does not perform adequately during the test. An
acceptable test occurs when (1) the escape system has
performed adequately, l.e. the ejection seat has been
ejected from the test vehicle along a trajectory insuring a
safe margin for clearing the aircraft structure and a
sufficiently clear drop following the blossoming of the
parachute, (2) there have been no escape system
malfunctions, (3) there have been no test
bed/instrumentation or photographic coverage failures
causing "no test" conditions, and (4) there are no
maintenance induced "no test" conditions.

1-92

yreeoy

pee—

RN .t s o




For a test program involving 10 or more individual |
tests, it is considered a satisfactory test program when (1)
at least eighty (80) percent of the tests in the SRT program
are satisfactory, (2) at least eight (B) consecutive
successes occur in the track tests, and (3) the remaining
twenty (20) percent of the tests are classified as "no
test”, i.e. no fallures have occurred in the escape systen
during these tests. Upon completion of the SRT program, the
successive successful tests requirements are as defined in
Table 3.

Table 3. The number of consecutive successful tests that
are required for the various numbers of tests in the SRT

program,
Number of Minimum number of
tests in program consecutive successful
tests
6 6
Vi 6
8 7
9 8
10 or more 8

The criteria for a successful AAES test program are:
(1) there are no failures during the program, (2) a run of
successful tesis as given in Table 3 occurs, and (3) all
other trials are "no-test". The test program's and the
individual test’s success then will depend upon the
reliability of the AAES and the relisbility of the test bed
set-up, i.e. instrumentation, telemetry, and photographic
equipments. The old adage that the test equipment must be
as accurate or as reliable as the equipment ~eing tested is
appropriate here. This feature can be seen most easily by
looking at the probability of a successful test program. If
the probability of passing a single test is R. for the AAES
and the probability that the test facilities function
properly during a single test is R, then the probability
models for a successful program are given below. The
probabilities have been calculated for six combinations of R,
and Rg , namely, for R, equal to 0.58 and 0.99 and for Rs
equal to 0.95, 0.99 and 1.0, and are presented in Table 4,
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Run/Tests Model !
o)
6/6 (R.Rg)
7 6
6/7? (R‘R’)s + 2(RyR,) (1-R,)
7/8 (RyRe) + 2(R,R,)8(1—R;)
8/9 (R\Re) + 2(R,R,) (1-R,)
10 9 8 2
8/10 (RaRe) + B(R4R,) (1-Rp) + 3(R,Re) (1-R,)

Although it is not clear from the requirements in the
specifications, in our discussions with the author it became
clear that the system tests called for in the Service
Releage Test program constitute, in actuality, part of a
test-analyze-and-fix program. Any "problem" that is
identified during the testing either from the marginality of
success analysis or performance evaluation is investigated,
defined and its consequence evaluated. If corrective action
is deemed appropriate by the government procuring agency,
then the system test is rerun after the corrective action is
taken and proven through analyses, and tests conducted at
component or subsystem levels to remedy the problem (without
introducing additional, new, serious problems). If a
corrective action is taken as a result of a system test and
that action entails design changes, then qualification
testing must be accomplished at the component level and/or
subsystem level, as appropriate, before the system test is
rerun., The objective of this test program is to use lower
indenture level (components and subsystem) tests which are
far less expensive and time consuming than full system
testing to qualify the desigr at that level of indenture and
to use the system level tests (SRT) to assess the interfaces
and/or interactions among the system conponents.

There are techniques, developed for NASA and its manned 1
space program, that could be used to assist in the
allocation of test resources among system and component
testing prior to the commencement of any testing. The
technique is presented in two reports entitled “"Reliability
Variation Analysis" and "An Evaluation of a Test Allocation
Procedure" referenced earlier. The basic principle in the
NASA technique is to allocate test effort to minimize the
uncertainties associated with reliability of the system
elements. In a sense, this is what the specification author
is attempting to do on an ad hoc basis during the testing
program, however, success in reducing the uncertainties will
depend upon the program manager's ability and experience. A
formal technique, as described in the two referenced
reports, for planning the allocation of test effort among a
gsystem and its components will yield more optimal and
consistent test resource allocation, and will result in
better test utilization for achieving the stipulated
reliability objectives.
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STATISTICAL ANALYSIS OF SLED TEST DATA.

Much of the data on ejection seat testing consists of
response measurements and these measurements are recorded
along with the fixed speed at which the specific test
actually occurred, the particular aircraft/seat employed,
and the particular size and weight of the dummy. If the
speed has an impact upon the measured response, such as Gz,
yaw rate (deg./sec.), pitch rate (deg./sec.) or roll rate
(deg./sec.), then to make a comparison between two measured
responses, say peak Gz, for a particular seat and dummy
size, it is necessary to recognize when differences in speed
exist and to make ad justments for that speed difference.

Suppose, as a hypothetical example, two measurements of
peak Gz, one for an A-7 seat and the other for an F-18, are
availatle for the same dummy size, but for different speeds
as shown in Figure 1.

[ ]
Measurement 1
Peak

Gz )
Measurement 2

i [

Speed

Figure 1.

One can ask the question, is the difference in peak G:z
measurements due to the difference in the seat designs? To
answer that question, one must recognize that the speed was
different between the two seats for these measurements.
Suppose the relation of peak Gz to speed was as shown by the
s0lid line in Figure 2 below.

Peak
Gz

Speed
Figure 2.
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It is clear that all the differences between the two
peak Gz measurements in this hypothetical example can be
associated with the differences in speed and not with
differences between seats. If there were no relationship
between speed and peak Gz, the dotted line in Figure 2 would
be appropriate and it is clear under these circumstances
that all the difference would be attributable to seat
differences. The above illustration is an idealized picture
since the variation inherent in measurement data, test
conditions, and random deviations have been ignored.

Regardless, if it is thought that speed has an impact
on responses, then adjustments can be made to all
measurements to “"standardize" the speed for comparison
purposes. Thus, these data can be partitioned into groups
(seat and dummy size) and the variation among the total
observations after adjustment for speed can be partitioned
for comparisons. One might think of each response
measurement as being composed of contributions from speed
and from each of the groups plus a random element that
reflects the sampling differences. Thus, each measurement
can be represented by the following relation:

y-bx=a+d4d+c+e

where: y 1s the measured response
x is the known and fixed speed at which the test
was conducted
is the effect of speed
is the overall mean response after speed adjustment
is the effect of dummy size
ii the effect of seat design/configuration within
size
e is the random sampling element

0oQpg

Analysis of Variance.

Implementing the analysis of variance is the process of
partitioning the sum of squares defined by

2
SS==Z¥xv; bgwr a - d; - qu) ,

so that the contribution of each group can be measured and
compared to random or chance variation. Tables summarizing
the analyses of the data are given in Appendix A of this
paper and the general conclusions are summarized in Table 5.
The conclusions, drawn from the statistical analysis
conducted on the test data, are based upon the quantitative
data and are dependent only indirectly (through the test
results) upon the specifics of seat configurations.
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There are significant differences (too great to be due
to chance variation) among these seats with respect to peak
Gz. Table 10 in Appendix A of this paper shows the results
of the analysis of variance for the three primary seat *ypes
(A-7, F-18, AV-8 aircraft) after considering dummy size
differences. The F-statistic, which measures the difference
among aircraft/seats, shows a value of 6,03. Attaining that
high an F-value is a very rare event if the peak Gz's were
the same. Only 5 times in 100 would one expect to obtain an
F-statistic value of 6.03 or higher if the peak Gz's were
alike. Thus, it is very likely that this F-value is not due
to chance, but due to differences among aircraft/seats.

To determine how the differences are distributed, a
comparison of the three aircraft seats pairwise is helpful.
The pairwise differences of peak Gz for these seats are:

A-7(ER) vs AV-8 Difference is not significant
A-7(ER) vs F-18 Significant difference
AV-8 vs F-18 Significant difference

The implications of these results are that the AV-8 and A-7
seats responded similarly with respect to peak Gz and that
they differed from the F-18 response. Considering that the
A-7(ER) and the AV-8 ejection seats are from the SIIIS-3
family and the F-18 seat is from a different family with a
different design concept, this result is not surprising, but
could be and probably should be expected. A look at the
overall mean values for the peak Gz forces are as follows:

AV-8 13.7
A-7 (ER) 13.1
F-18 11.4

The 98th percentile dummy in these seats experienced
consistently lower peak Gz forces than did the 3rd
percentile dummy, both within the same seat type and between
seat types. Tables 1 thru 10 in Appendix A of this paper
show that there were significantly different peak Gz forces
for the two dummy sizes. In every case the larger dummy
experienced lower forces than the smaller dummy, as one
might expect as a consequence of the basic laws of physiecs.

The differences in peak Gz between trainers and
non-trainers for seats in the same series aircraft are not
significantly different for the given ejection airspeeds and
dummy sizes. These seats are essentially the same and the
results confirm our expections. Table 4 in Appendix A of
this paper indicates virtually identical results between a
trainer and non-trainer, given the aircraft series.
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The impact of speed upon the peak Gz for these systems ‘
is not significant and this is consistent over all seats. A
comparison of the numbers in Tables 1, 2 with Tables 9, 10 I
in Appendix A of this paper indicates very little change in
any of the quantities when adjusted for speed differences.
Had there . been a significant impact of speed upon peak Gz,
the numerical quantities for similar items would have '
appeared quite different between the two tables. This
result does not agree with our intuition, i.e., the data
does not support the contention that higher speed causes '
higher peak Gz forces,

The differences among these seats are significant for
yaw rate, but not for pitch and roll rates. Tables 18 and
23 in Appendix A indicate yaw rate differences among the
three seat types or among the six aircraft types, while
Tables 12 and 13 indicate no such difference among seat or
aircraft types for pitch rate. Tables 14 and 15 indicate no
significant difference among aircraft or seat types for roll ‘
rate.

Pairwise comparisons for yaw were made since there were

significant differences among the seats with respect to yaw
rate, '
A-7 vs AV-8 exhibits no significant difference
A-7 vs F-18 exhibits no significant difference |
AV-8 vs F-18 exhibits significant difference.
The overall yaw rates were ranked as follows: '
F-18 - 837.4 deg./sec.
A-7(ER) ~ 664.7 deg./sec.
AV-8 - U492,0 deg./sec. l
The difference in thess seats between the 3rd
percentile and the 98th percentile dummy is not significant '

for yaw and pitch rates, but it is significant for roll

rate. Tables 14 thru 17 in Appendix A of this paper show
the difference between dummy sizes in relationship to roll
rate with the 3rd percentile dummy (lighter dummy§
exhibiting significantly more roll, on the average, than the
98th percentile dummy, Tables 11-13 and 18-27 exhibit no '
such difference for pitch and yaw rates.

The overall roll rates were ranked as follows:

3rd Percentile dummy - 679.95 deg/sec
98th Percentile dummy - 505.05 deg/sec

— e .
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Sample Size.

The number of tests conducted on a system design during
the SRT program determines the assurance with which
decisions can be made concerning the safety associated with
the system design under test. There are methods to
determine the number of tests that should be run which are
based upon (1) the risk of wrong decisions, (2) the
repeatability of test results, and (3) the magnitude of the
deviations that have engineering significance.

The number of tests that should be conducted on each
seat-aircraft configuration if selected differences are to
be detected can be determined from the measured experimental
error present in the past test programs and the risk of
wrong decisions that are acceptable to the project manager.
The number of trials are shown in Table 6 for the various
levels of risk, number of aircraft models and the detectable
differences for the four characteristics,

CONCLUSIONS AND RECOMMENDATIONS.

The AAES test program is the basis for decisions
regarding the "man-rating" of the ejection seats, end
detailed data is collected on a few specimens in order to
allow decisions to be made. Unfortunately, no objective
guidelines are given or required in the analysis of these
data and, as a result, all decisions are made on the basis
of engineering judgement. Engineering judgement based upon
extensive testing experience over several seat programs can
be a valid way of arriving at a decision, but it is
dependent upon the subjective criteria of the individuals
involved. There is little assurance that the same decision
would be arrived at by another set of individuals equally
experienced and there is even less assurance that a lesser
experienced set would arrive at the same or better decision.
Therefore, it is our belief that more emphasis should be
placed on the analysis of the data by statistical methods
such as the analysis of variance techniques illustrated
herein. More comparisons with data from other sled tests
should be conducted to detect similarities and
dissimilarities, weaknesses and strengths, and marginality
and safety problems.

The statistical technique of "analysis of variance" was
applied to the specific sled test data furnished by the Navy
and described earlier for peak Gz, pitch, roll and yaw
rates. The results, as discussed earlier, from that
analysis indicates that:

. There was a difference in response between dummy
sizes.
. There was no difference in response between trainer

and nontralner seat configurations.

1101 ,
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Table 6.

The number of trials (tests) per aircraft model

required for various detectable differences, number of
aircraft models, and risk of wrong decisions for each

characteristic.

Characteristic|Risk Number Detectable Differences
bf Alrcraft| 2g 3g Lg 5
Models
Peak G2 0.25 2 ? 4 E 3
6 11 6 3
12 13 6 4 3
0.10 2 8 5 4 3
6 12 6 I 3
12 14 7 5 L
0.025 2 9 6 T 3
6 14 7 5 4
12 16 8 5 4
400 500 600 700
d/s d/s | d/s d/s
Pitch 0.25 2 8 6 5 4
6 12 9 6 5
12 15 10 8 6
0.10 2 9 7 5 5
6 14 10 7 6
12 17 12 9 7
0.025 2 11 8 6 5
. 6 17 11 8 7
12 19 13 10 8
Roll 0.25 2 8 6 5 4
6 14 9 7 5
12 17 11 8 6
0.10 2 10 7 6 5
6 16 11 3 6
12 18 13 9 7
0.025 2 11 8 A 6
6 18 12 9 7
12 21 15 11 8
Yaw 0.25 2 8 6 5 4
6 13 9 7 5
12 16 11 8 6
0.10 2 10 7 [ 5
6 16 10 8 6
12 18 13 7
0.025 2 11 B ; 6
6 18 12 9 7
12 20 14 11 8
1-102
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. There was a difference in response among generic
seat configurations but based upon Navy furnished
criteria concerning risk of injury the differences
do not impact on safety.

« There was no evidence of speed effect in these
specific response data.

The number of speed levels called forth in the
specification should be reviewed, given the limitations on
the amount of resources for testing. If it is desirable to
measure the effect of speed and if there is a continuous
speed response regime, then, from a statistical point of
view, it is preferable to select specific levels of speed,
and conduct several tests at each of the levels rather than
to spread the tests uniformly over the range of speed. The
number of levels selected should be established on the basis
of the expected relationship between speed and the response
measured. If the relationship is linear then only the two
extreme speed levels could be used, whereas more speed
levels would be required if the relationship is more
complex., Replication of the tests at each speed level (for
each dummy size) is essential to be able to establish the
repeatability of the tests,

Data analysis is currently limited to data compilations
and organized data displays. Specific types of statistical
analyses should be planned, adapted to the test plan, and
implemented to aid the Program Manager in decision making.
It is recommended that statistical techniques be required in
the analyses of all test data and that a statistical section
be added to the test plan requirements. The statistical
test plan should identify the plan(s) by which the data will
be analyzed, the risk of wrong decision levels, and the
least detectable differences based upon the number of
individual tests and the test plan design.

The illustration of the application of statistical
techniques to sled test data employs a2 single response
measure for each test and that analysis does not show
evidence of a speed effect among the response measurements.
Our intuition suggests that there should be a relationship
between speed and test stress on the AAES and, therefore,
one is not quite comfortanhle with limiting the analysis to a
single response measure representing the whole test
sequence. Most characteristics that are measured during
each test have time histories covering the AAES test
sequence from initiation to vertical descent. Only single
point data such as maximums or minimums have historically
been used for consideration due to the inability to acquire

1-103
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reliable, readable time histories running from initiation
through vertical descent or the inability to organize and
handle the complex time history. Consideration should now
be given to employing time series analyses as part of the
statistical analyses program. Also new technigues of
statistical analysis should be reviewed, applicable methods
of analysis should be identified for the various kinds of
data, and a review of the repeatability of scaling
procedures should be conducted.

The allocation of test resources can be changed during
the SRT program and this re-allocation is currently being
done on an ad hoc basis. The capability to shift resources
among tests is important; however, a prior plan of
allocation should be established to assure that all test
aspects are covered and optimum testing among the various
levels are established. Decision points should then be
established where re-allocation procedures can be employed
to optimize the process.

The R&M program does not utilize past histories on
parts, components or mechanisms since there has been no
concerted effort at acquisition and organizing test data
histories. The histories of the corrective actions showvlgd
also be developed, reviewed and summarized for use in future
reliability analysis.

There is a need for a review of the pyramid of component
and subsystem specifications to assure that the R&M
requirements are consistent with system requirements and to
assure that testing satisfies economic and timely
accomplishments of AAES test needs.

It is important to require an in-depth review of the
reliablilities of the test site equipment since a successful
program is very dependent upon the test site equipments as
well as the AAES.

An in-depth review should be made of the maintainability
assessments and requirements in order to derive more
realistic requirements and to identify techniques that are
more applicable to the unique features of the AAES system.

It is also recommended that the word "probability
interval" replace the terms "confidence limits" throughout
the Agpendix A of MIL-STD-2067(AS) so the descriptions
therein are more appropriate.
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Analysis of Variance Tables
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’ APPENDIX A

ANALYSIS OF VARIANCE OF TEST DATA ON
AIRCRAFT-SEAT CONFIGURATIONS

Two models were employed in the analysis. One model
ignored the differences in speed among the test observations
and the other model made an adjustment for the speed differ-
ences. The two models representing the contributions of the
various factors to each measured observation. The same
models were used for each response characteristic, i.e., peak
Gz, pitch rate, yaw rate and roll rate.

Model 1 without an adjustment for speed would be:

Y = a + di + c

i4k i3 * %4k

where :
Yijk = the measured response on the ijk-th observation

= an overall mean

= an effect due to dummy size

= an effect due to seat design

= a random sampling element

identifies the dummy size (i = 1, 2, ... L)

= jdentifies the seat design (j =1, 2, ... M)

= jdentifies the individual observations

(k-ll 2' L) Nij)

vy 4

W o= 0 0O C W
L}

* gignificant at the 5 percent level

1-107




AIKCREW AUTOMATED ESCAPE SYSTEMS (AAES) IN-SERVICE
DAJ3YZII  USAGE DaTA ANALYSES VO, () NavaL WEAPONS ENGINEER ING
SUPPORT ACTIVITY WASHINGTON DC C W SIOKES ET AL .

UNCLASSIFIED 05 NOV 83 NAVWESA-1-83-vOL-1 F/G6 1/3

-




S SU S ....-T‘

Jlus §
s

iz ps nmg

N
I.N
o

13
E
re

“CREEEE [
"EEEE

S
o [z

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS — 1963-A

TR e e s b

e




Model 2 with an adjustment for speed would be:

- bX 13k = a 4+ d1 + cij + 'ijk

¥y 5%
where

X = the speed associated with the ijk-th observation,

ijk
b = the effect of speed on the response,
a,d,c,e = elements are the same as defined in Model 1.

The only difference in the analysis between the use of
Model 1 and 2 is that when Model 2 is employed, Y - bX is used
instead of Y. The regression coefficient b is determined by
simple linear regression between X and Y using all the observa-
tions. Then, a new value Y' = Y - bX is calculated and these
new y-values are employed in exactly the same analytical proce-
dures as used for Model 1 and shown below.

The pattern of observations for these data represent an
unbalanced twofold nested classification data set as
illustrated in the following table.

Pattern of Observations for an Unbalanced
Twofold Nested Classification Data Set

’, o, o »,
€, € || € €, Cg || € o <. €2 || €
*m LT Rl T L) L ] el gy
.... ... .o .... ~. ” .o eoe
Spmn | Camug |- N L —
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The analysis is based upon the assumption that the
effects of dummy size and seat design are systematic compo-
nents in the model and not random variables. 1In other words,
the dummy sizes and seat designs were not randomly selected
to represent a broader population of sizes or seats.

_ The analysis of variation that was employed is shown in
the following table.

Source of Variation f‘r?:dt:'&?’!.) Sum of Squares (8S) ::'::“:::'o?s?)
Between Dummy Size L-1 55, Irz &, -%.? | ssy-nes]
Between Seats Within | L4-3) | 85Tz, -V | ssgoaeane 5

mmy Size i3k
Within Seats N-ML fﬁ: ¥y ?“3’ - 55, 85, /0% - ML) = 57
Total N-1 ‘z’:E Yinc .02

The mean sgquare, Si, characterizes the variation within
seats, is the average of the LM "within seat™ variances, and is
independent of any hypothesis concerning the means. The mean
square, S;, characterizes the variation between seats within
durmmy size and is an average of L "within dummy size®™ variances
which are computed for each dummy size group. If the M seat
group means within dummy size are equal, then Sg is just another
estimate of the same variance that is estimated by si. Thus,
if the value of Sglsi is not significant, all observations
within the dummy group may be considered as drawn from the
same population and the equality of the means of the dummy
size groups is tested by sg/si. However, if the value of
sg/s; is significant, then the seats are considered to be
different and s§/s§ is used to test for differences between

dummy sizes.

St . @ rat 5

- 1-109




Table 1. Analysis of Variance: Peak G2z

3:3§::13§ Dggggggmor g;ﬁaggs g;gzre F-Statistic
Dummy Size 1 94 .51 94 .51 .
Aircraft 10 92,5Y% 9.26 4,68+
Error 71 140,43 1.98

Total B2 327.51

Table 2. Analysls of Variance: Peak Gz

Source of Degrees of Sum of Mean

Variation Freedom Squares _ Square F-Statistic
Dummy size 1 94,51 94,51 *
Seat L 73.54 18.39 8.88*
Error 77 159.46 2,07

Total 82 327.51

Table 3. Analysis of Variance: Peak G2
(Without A%8 Aircraft-Seat)

Source of Degrees of Sum of Mean
Variation _Freedom Squares  Sguare F-Statistic
Dummy Size 1 39.04 39.04 6.43%
Aircraft 6 36.40 6.07 2.95%
Error L7 96,74 2,06
Total sh4 172,18

% 1-110
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Page 2

Table 4, Analysis of Variance: Peak Gz

(Without A8 Aircraft-Seat)

Source of Degrees of Sum of Mean
Variation Freedom Squares  Square F-Statistic
" Dummy size 1 39.04 39.04 *
Trainer 2 1.28 0.64
Seat 4 34,62 8.66 L, 20%
Error Lo 97.24 2.06
Total 54 172,18
Table 5. Analysis of Variance: Peak Gz
(without F18 Aircraft-Seat)
Source of Degrees of Sum of Mean
Variation Freedom Squares  Sguare F-Statistic
Dummy Size 1 70.10 70.10 29,96%
Aircraft 6 9.22 1.54 0.66
Error 55 128.75 2.34
Total 62 208.07
Table 6. Analysis of Variance: Peak Gz
(Wwithout F418 Aircraft-Seat)
Séurce of Degrees of Sum of Mean
Variation Freedom Squares __ Sguare F-Statistic
Dummy Size 1 70.10 70.10 31,43
Seat 2 6.60 3.30 1.48
Error 59 131.37 2.23 '
Total 62 208,07

1-111
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Page 3
Table 7. Analysis of Variance: Peak Gz
(without A7 Aircraft-seat)

Source of Degrees of 3Sum of Mean
Variation Freedom Squares __Square F-Statistic
Dummy Size 1 82.57 82.57 7.14%
Aircraft 6 69.41 11.57 5.03%
Error 40 91.86 2.30
Total b7 243.84

Table 8. Analysis of Variance: Peak G2z

(without A7 Aircraft-Seat)

Source of Degrees of Sum of Mean
Variation Freedom Squares _ Sguare F-Statistic
Dummy Size 1 82,57 82.57 *
Seat 2 61.52 30.76 13.55%
Error Ly 99.75 2.27
Total 47 243,84

Table 9. Analysis of Variance: Peak Gz

(Adjusted for Speed Differences)
Source of Degrees of Sum of Mean
Variation Freedom Squares _ Square F-Statistic
Dﬁmmy size 1 95.02 95.02 »
Aircraft 10 89.35 8.94 4.86*
Error 71 130.77 1,84
Total 82 315,14
1-112
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Table 10. Analysis of Variance: Peak Gz
(Adjusted for Speed Differences)
sggggzigi D%ﬁ::::mOf ggﬂagzs gzszre F-Statistic
Dummy Size 1 95.02 95.90 7.30 %
Seat 4 52,57 13.14 6.03*
Error 77 167.55 2.18
Total 82 315.14
Table 11. Analysis of Variance: Pitch
sggigzigi Dggzzgngf g;ﬁagZS g;z:re F-Statistic
Dummy Size 1 164,906.25 164,906.25
Aircraft 10 1,578,976.38 157,897.64 1.37
Error 63 5,901,389,88 93,672.86
Total 74 7,315,460,00
Table 12, Analysis of Variance: Pitch
sggzgzigi D;g::;:mof g;ﬂagis g;igre F-Statistic
Dummy Size 1 164,906,25 164,906.25
Seat L 649,983,21 162,495,.80 1.72
Error 69 6,500,570.53 94,211.17
Total 74 7,315,460.00
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Table 13. Analysis of Variance: Pitch

(Ad justed for Speed)

Variation  Feesdom Squaves Square  F-Statistic
Dummy Size 1 148,358.95 148,358.95
Aircraft 10 1,554,546,34 155,454 ,€3 1.89
Error 63 5,183,299.30 82,274.59
Total 74 6,886,204,.59

Table 14. Analysis of Variance: Roll
s:gigzigg D§§:§§§m°f g:ﬁagis g;igre F-Statistics
Dummy Size 1 573,460.72 573,460.72 5.55%
Aircraft 10 1,023,523.08 102,352.31 0.99
Error 63 6,515,362.87 103,418.46
Total 74 8,112,346.67

Table 15. Analysis of Variance: Roll
Source of Degrees of Sum of Mean
Variation Freedom Squares _ Square F-Statistic
Dummy Size 1 573,460.72 573,460,.72 5.32%
Seat L ou,245,24 23,561.31 0.22
Error 69  7,444,640.71 107,893.34
Total 74 8,112,346.67
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Table 16. Analysis of Variance: Roll
(Adjusted for Speed)

Source of Degrees of Sum of Mean

Variation Freedom Squares  Square F-Statistic
Dummy Size 1 510,996.83 510,996.83 6.70%
Aircraft 10 1,076,503.29 107,650.33 1.41
Error 63 4,808,064.55 76,318.48

fotal M 6,395,56L4.67

Table 17. Analysis of Variance: Roll
(Ad justed for Speed)

3:?§::igi | D;g::ggmof g;ﬂaggs g;;zre F-Statistic
Dummy Size 1 510,996.83 510,996.83 6.11+
Seat L 117,623.67 29,405.92 0.35
Error 69  5,766,944.16 83,578.90

Total 74 6,395,564.67

Table 18. Analysis of Variance: Yaw

33;;;:18§ D?ﬁ::§§m°f ggﬂa?is g;;Zre F-Statistic
Dummy Size 1 251,038.84  251,038.84
Alrcraft 10 2,157,560.27 215,756.03 2.08+
Error 63 6,517,000.69 103,444 46
Total 74 8,925,599.28
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Table 19. Analysis of Variance: Yaw
Source of Degreeg of Sum of Mean ]
Variation Freedom Squares  Sguare F-Statistics {
Dummy Size 1 251,038.84  251,038.84
Seat 4 1,567,748.87 391,937.22 3.81%
Error 69 7,106,811,57 102,997.27
Total 74  8,925,599.28 :

T Wsthout the A¥G Alrcraft-seat) i
32¥§§§13£ D;g::ggmof g;ﬁagis ggﬁgre F-Statistic :
Dummy Size 1 7,829.86 7,829.86 0.06 !
Seat 2 348,776.88 174,388. 44 1.43 ;
Error 43 5,228,418.96 121,591.14
Total 46 5,585,025.70 I

T tiithout the P15 Aireraft-Seat)
Source of Degrees of Sum of Mean
Variation Freedom Squares _ Square F-Statistic
Dummy Size 1 302,155.72 302,155.72
Seat 2 449,359.31 224,679.65 3.15
Error 50 3,561,381.50 71,227.63
Total 53 4,312,896.72

1
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Table 22. Analysis of Variance: Yaw
(without the A¥ Aircraft-Seat)

3:3?:213£ D;sg:ggmof gggaggs g:ﬁgre F-Statistic
Dummy Size 1 327,602.44 327,602.44
Seat 2 1,385,006.82 692,503.41 5.73*
Error Lé 5,563,171.48 120,938.51
Total b9  7,275,780.74
Table 23. Analyslis of Variance: Yaw
(Adjusted for Speed)
Varistion  Treedom .  Squsres Squmre  F-Statistic
Dummy Size 1 96,643.60 96,643.60
Alrcraft 10 1,570,578.49 157,057.85 2,19%
Error 63 4,514,644,12 71,661,02
Total 7% 5,746,808.35
Table 24, Analysis of Variance: Yaw
(Adjusted for Speed)
sggiggigﬁ D§§§§§§m°f g:ﬂagis ggggre F-Statistic
Dummy Size 1 96,643.60 96,643,60
Seat L 890,079.92 222,519,.98 3.23*
Error 69 4,760,084.83 68,986,74
Total 74 5,746,808.35
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Table 25. Analysis of Varlance: (Yaw Adjusted for Speed)
(A7 and F18 Only; Excluding AV8)
Source of Degrees of Sum of Mean
Variation Freedom Squares _ Square F-Statistic
Dummy Size 1 28,199.00 28,199.00
Seat 2 389,888.14 194,944 ,07 3.08
Error 43 2,721,088.28 63,281.13
Total 46 3,139,177.18
Table 26. Analysis of Variance: (Yaw Adjusted f¢ speed)
(A7 and AV¥8 Only; Excluding F18)
Source of Degrees of Sum of Mean
Variation Freedom Squares _ Square F-Statistic
Dummy Size 1 213,330.50 213,330,.50 3.17
Seat 2 332,713.09 166,356.55 2.68
Total 52 3,592,314,01
Table 27. Analysis of Variance: (Yaw Adjusted for Speed)
(R18 and A¥8 Only; Excluding A7)
Source of Degrees of Sum of Mean
Variation Freedom Squares _ Square F-Statistic
Dummy Size 1 210,740,44 210,740.44
Seat 2 865,759.77 432,879.89 6.11%
Error L6 3,260,167.31 70,873.20
Total h9 uv3360667052
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THE DATA ADJUSTED FOR SPEED
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The adjustment for speed was made on the basis of the

PART II

effect of speed as measured in the sample data. Those cal-
culations for each variable are given below:

Peak G,
Ixy = 269,406.9 n 83
Ix? = 9,611,824.0 b = ~0.0015
ly = 1,070.3 Adjusted y = y + 0.0015x
IX = 21,394

Pitch:
Ixy = 14,743,635 n=75%
x2 = 9,835,112 b = +0.3578
Iy = 46,080 Adjusted y = y - 0.3578x
Ix = 22,042

Yaw:
Ixy = 17,679,651 n 75
zx? = 9,888,237 b = 40.9562
Iy = 49,098 Adjusted y = y - 0.9562x
Ix - 21)927

Roll:
Ixy = 15,334,442 n 75
x? = 9,878,337 b = +0.6745
Iy 44,350 Adjusted y = y - 0.6745x
Ix 220077
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Mean Peak G_s for Various Aircraft and

Dufimy Size Combinations

Ignoring Speed Adjusted for Speed
Alrcraft 3% Dummy 98% Dummy 3% Dummy 98% Dummy
» 13.9 12.5 14.4 12.7
TAIC 13.6 12,2 14.0 12.6
Both 13.7 12,31 14.1 12.6
AV8A 15.8 12.6 16.2 13.0
AVSB 14.9 11.3 15.3 11.8
Both 15.4 12.26 15.8 12.7
Tris 1.9 1101 12:1 1.
Both 12.4 10.6 12.9 11.0
Total 14.0 11.8 l4.4 12.2
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APPENDIX B

SOME STATISTICAL CONSIDERATIONS
IN TEST PLANNING.

Design compliance tests are conducted on the final
design at the end of engineering development and are used to
determine if the design will perform satisfactorily when
tested under conditions consistant with the design
specifications, along with boundary values for these
conditions. These conditions are usually "design to"
values, and since they can occur in combinations of levels,
it is conceptually important to assess the effect, if any,
of these combinations. Thus, the application of statistical
experimental designs would appear to be very appropriate for
these situations, and factorial-type designs would allow
combinations of boundary conditions to be used effectively
and efficiently. The fundamental purpose of experimental
design is to isolate or separate sources of variation so
that technical information can be obtained on a basic
process or equipment. However, the application of
statistical experimental designs in engineering studies
which involve complex man-machine operations with
vector-state performance characteristics is not simple nor
straightforward.

An engineer does a lot of experimental testing for
engineering investigative analysis. In many cases, data
aquisition and storage are achieved automatically through
instrumentation and computer storage, which encourages the
engineers to adopt the philosophy that "a lot of data" is
better than "too little data," and since it is available "we
might need it anyway." In other cases, the engineer may be
interested in only one outcome or measurement and thus
overlook the opportunity to record more data than he needs,
but which could be used for analyses of related critical
interaction-type failures of which he is not yet aware.
Thus, the complex engineering problem analysis and the many
uncertainties in a system design evaluation encourage the
engineer to establish very broad test objectives with many
conditional alternatives. From a research point of view,
such investigative studies are valuable but this approach
may weaken the ability of a statistical test to detect
differences if the approach does not allow control of the
sample size in the experimental design, or does not define
precisely the specific objectives of the experiments for
decision-making. :

[ FRECRDI14G py caiil
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Because of the multidimensional aspects of a hardware
system and the facilities used for testing the system, it is
very difficult for the project manager to know of the
evolutionary changes that take place (or should take place)
as the test engineers, the operational personnel, and the
maintenance people resolve the interdependence of their
responsibilities in preparation for an operational test of
the system. The operational scenario is usually modified
to accommodate instrumentation for engineering data
acquisition and environmental simulation.

To determine the siwe of the experiment, replications
and number of factors, it is necessary to review the
existing information on system or operational
characteristics. Summary data may hide critical variability
particularly if the basic data is of the analog type. You
can anticipate differences resulting from key factors in
engineering hardware tests, e.g., equipment-to-equipment
variation in performance characteristics, test installation
to test installation variation in test conditions and
instrumentations, and operator-to-operator variation in
satisfactory performance or failure definition.

The planning ob jective is to assure that differences in
responses observed among test specimens will depend only
upon the particular configuration and model of the specimen.
We increase the accuracy of our experiments by careful
selection and application of the specimens or by skillful
grouping of specimens in such a way that all specimens of
one configuration are closely comparable with those of
another configuration. In this way we exercise sufficient
control over external influences so that every configuration
produces its effect under comparable and desired conditions.

The results of a recent test conducted on an electronic
system disclosed that greater differences (variation)
existed between test facilities than between test cells
(cells within a facility) and greater differences were
observed between test cells than ratween systems within
cells., The observed variances for facilities, cells, and
systems were consistent with the ratios 100:10:1 in that
order. This experience is consistent with our experience
with other types of systems. The greatest differences have
been assocliated more with differences in the
engineering-operations-maintenance team than with any other
single factor.
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One problem always encountered is establishing a
consistent, non-contradictory definition of satisfactory
performance. The performance of a system can be described
by the values of the "n" characteristics; however, in many
situations this vector state cannot be converted into an
ordered single-valued performance variable. Generally, when
bounds are established for satisfactory performance for each
characteristic individually, the set of boundary values will
not be compatible with the overall system criteria. Unless
there is a one-to-one correspondence between system
criterion and the criterion for subsystem, or subsystem
indenture, you can expect this to be an area of disagreement
in reconciling failure analyses. It becomes very important
to make the criteria applicable to the system
characteristics only. Judge the system as it is used and on
the same basis it is judged during use.

Engineering ob jectives are almost always stated in the
broadest, most general terms and it can sometimes be
difficult to convert these generalities into specific
objectives. Considerable interrogation exchanges may be
necessary before specific objectives can be established that
will be acceptable to both the statistician and the
engineering group. It is important during these exchanges
that the scope of inference desired from the experiment is
explored and the engineering group has a realistic
understanding of what can and what cannot be done. For
example, the demonstration of a system capability may be the
most important result of a test. On many occasions
reliability demonstration (qualification) testing is
conducted on a single pre-production "prototype" model and
then engineering management may wish to make inferences
about the future production model. Such tests on a single
pre-production model are demonstrations of capability and
after completion of the test with an accept decision, the
inference about the reliability to be expected from a
production run of such systems is limited. Everyone can
cite examples of mean time between failures (MTBFs) for
production units that are one third to one tenth the MTBF
observed on the qualification test.

There is a general lack of appreciation of
randomization as a means of controlling the effects of
unknown or uncontrollable factors as well as a lack of
appreciation of the separation of variance into their causes
or sources, for better conclusions. It will be desirable to
control some of those factors that affect reliability while
control of others will not be possible because we are not
cognizant of them, because of economic reasons, or because
of other pertinent reasons. Those factors not controlled
experimentally will have to be controlled by randomization,
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a device for insuring that an item under study will not be
continually favored or handicapped in successive
observations by some extraneous factors. The effect of
randomization is to transform unknown and/or systematic
variations into independent and chance (random) variations.
The need for randomization procedures has to be emphasized
throughout the planning phase and must be monitored during
the experiments so the rules are not ignored. We have found
it helpful to always prepare a description of the
randomization process and to present the rationale for the
requirement in a write-up for the participants. The need
for experimental design to separate or isolate variences is
easier to convey since it is analogus to the noise problem
in electronic signals and once the concept is understood,
the engineer is likely to grasp its importance.

The lack of independence among factors is usually
important in hardware design evaluation. One of the first
important considerations is to be able to detect, at least,
first order interactions. In many cases, lack of
independence is known but the effect is not known. For
example, temperature and vibration are known to affect
system reliability but, for a given design, the effect of
combinatorial levels of temperature and vibration at, near,
or outside the design specification limits is critical in
appraising the prospects of the system in operational use.
We have conducted several experiemnts where a primary
consideration was estimating the interaction effect and
there was no interest in main effects.
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INTRUDUCTURY NUTES

ANALYTIC ASPELTS

A major proolem confrontiny and, in many instances contoundiny, tnose
responsible for, and potential users of, aircrew automated escape systems
(AAES) anu aircrew life support systems (ALSS) 1s attempting Lo ascertain
how well or how poorly a particular piece ot equipment, a pariticular
conceptual approach or technique, Or a particular system is pertorming.
Typically simple measures of a non too simple problem are created and
employed, such as percentaye rates, LO measure success (e.y., percentayge ot
ejectees surviving) or to measure proolems (e.y., percentage ot ejectees
incurring major injuries, etc.). These yarasticks or performance are
extremely important, yet, at the same time, as a consequence of tnheir
virtue of pbeiny simple ana seemingly easily ungerstoog oy many peopie, they
may pecome extremely dangerous since few people in truth really ungerstand
them.

Frequently these performance yarasticks after oeiny computea are
plotted to dispiay for everyone their trenas, sometimes delineated
carefully by imposing techniques which many of us vaguely recall as beiny
the proper approach witnout recalliing the proper conditions for usaye of
the techniques nor the caveats concerning tne tecnnique's use. As a
consequence, impressions can be generated ana emotional pattles fought to
enhance aircrew safety; out the proposed actions 1n ract may be
inappropriate as a consequence of the oft-torgotton limitations of
percentage-type data arrays and/or of the other analytic tecnnigues ano
tools, including groupiny decisions, employed to examine these data.

An important task assigned to tnhe Naval weapons tnylneeriny Support
Activity, wasnington, D.C., as a part of the proyram to analyze in-service
usage data for aircrew automated escape systems (AAES) ana aircrew lite
support systems (ALSS) is to develop and demonstrate appropriate analytic
techniques for routine, stanagardizea, repeated analyses Or AAES ana ALSS
performance which could be implemented on a routine basis ana which avoiad
many of the perils of current approaches. As an i1nitial step in
accomplishing this part of the tasking, problems with some of the current

approaches were giscussed in the paper Proplems With the Use Of Percentayes

In the Analysis of AAES Data Dy Jonn Vetter presented at the lyth Annual

SAFE Symposium, Decempber i96i.

Anotner typical simple approacn frequentliy employea Dy thuse analyziny
performance of AAES and ALSS equipments 1s groupling; gyroupliny Oy ysneric
types of equipments, by families of equipment (i.e., famillies of ejection
seats, families of survival kits, tamilies of neimets, etc.), or oy other
perceivea common (snared) aspects. AllL too frequently tnose who perform
such grouping analyses lack agequate knowledaye concerning the actuald
similarities petween the equipments, those aspects wnich 1ln tact are
idgentical and those aspects which in fact differ significantly. Nor,
often, go those performing such groupiny analyses understand sufticientiy
the functioning of the equipments ana the lixkely magnitude of the erfects
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of tnose differences. Tnus one can fina many STtatistics purIportlny, for
example, to analyze tne performance of "The ESCAPAL Seat" or "Tne
Martin-paker Seat", when in fact such sifyuiar seals go not ex1st. Instead
tnhese terms agescribe two very aifferent families of seat types each of
wnich is comprisea of many indivigual ana orten gistinctiy qafterent seats
possessing some shared attriobutes, incluoiny the designer/manutacturer.
For some purposes tnese may De carefuily groupea, wniite for othel purposes
their girferences in design and functioning meke inappropriate such oroad
groupings. Tnis aspect of analysis of AAES is discusseQ in detall 1n the

paper Significance and Limitations of Family Ties Among EJection Seat Type

Aircrew Automated bscape Systems.
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SIGNIFICANCE AND LIMITATIUNS OF FAMILY TIES AMUNG EJECTLUN
SEAT TYPE AIRCREW AUTOMATED ESCAPE SYSTEMS (AHMES)

Fregerick C. Guilil
ABSTRACT
A common practice within the escape systems community 1S tO ygroup sedts
into families ana to tnen discuss tnem as though they were single seats not
multiple seats with often significant gifferences. Tnis practice is

examineg ang the penerits gerivable from ang the hazards associateo with it
are aiscusseo ang illustrated.
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SIGNIFICANCE AND LIMLITATIUNS UF FAMILY TIES AMONG EJeCTiUN
SEAT TYPE AIRCREW AUTOMATED ESCAPE SYSTEMS (AAES)

Fregerick C. LuUlll

INTRODUCTIUN

Commonly ejection seats are thougnt of and aiscussea in familial terms as
opposed to individual seat terms. Thus one frequently hears or sees
references to "the ESCAPAC seat" or to "the Martin-paker seat" even though
there are in service at present and have oeen in service over the years in
many gifferent aircraft mocels, many different varieties of ESCAPAL ana
Martin-Baker ejection seats. Recoygnized families during the past two
decades have been differentiated on the basis of their desiyner/
manufacturers although throughout the 1960's there remainea in active
inventory some seats using tnhe NAMC Type 1 (later the Type 1I) ballistic
catapult which, despite their non-shared aesigner/manufacturer heritage,
pecame known as "the NAMC Type I (later the Type Ii) seats". Thus togay
one will hear or see references to the following ejection seat families as
though there were out a single seat ratner than a yrouping of relatea

seats:
ESCAPAC (Douylas Aircraft Company)
Martin-Baker (Martin-saker Wircraft Lompany, Ltao.)
North American (Rockwell Internationai, Columous Division)
Stencel (Stencel Aerc enyineeriny Lorporation)

within these broaoc yroupinygs or families there exist several significant,
easily identifiea subyroupings, such as in:

Martin-gaker Mk5 Series, MKk7 Series, Type9, MkiU Series

£SCAPAC 1, IA-1, IC-2, IC~3; ano IF-3, lG-¢, 1G-3,
1G-4; and lt-1

North American LS-1, LS-1A, HS-1, HS-iA, LW-3B

and many less apparent subgroupings representiny evolutionary chanyes, as
well as cnanges necessitated by crew station, life support equipment
peculiarities, and anticipated or plannea aircraft mission neecgs,
occurring over many years of design ang manufacture by specific companies.

These various familial groupings and major subyroupings are important ang
provide consideraple assistance in investigating seat usage and analyzing
ejection statistics since they highiiyht very major gesiyn ana conceptual
similarities and aifferences. Nonetheless, useful as these familial
distinctions are, tney can, and often do, become impeaiments to
communications concerning specific seats, to the accurate ang complete
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lnvestiyation of specitic ejectiuns, and Lo tne accurate assessment of how
well or how poorly specific seats are agoing in service. This familial view
of ejection seats leaags to an over-acceptance of tnese seat-to-seat
similarities within a family (and to some deyree an over-acceptance of
seat-to-seat differences between seats of agiffering famiiies) ang, therevy,
to a strong tendancy to overiook the often very criticai gesign aifferences
existing between individual seats of the same famiiy (ana similarly a
failure to recognize often very critical similarities oetween seats of
different families). Figures 1 ana 2 list the 1naivioual seats comprising
the ESCAPAC and the Martin-Baker ejection seat families as employed within
U.S. Navy aircraft, respectively, betweem 1 Janaury 1969 ana the present.

As shown in Figures 1 ana 3, amongst the seats comprising a family, in this
instance ESCAPAC, there frequently are many differences in aesign,
sometimes even when, as in the case of ESCAPAC IC-2, the agesignator would
seem to indicate one seat in multiple applications. As shown in Figure 3,
U.S. Air Force and U.S. Navy versions of the ESCAPAC IC-2 installed in A-7
series aircraft differed in several very important respects.

To further illustrate the differences between, as well as the similarities
among, ejection seats often groupea together ana discussed as one type,
e.g., "ESCAPAC", Figures 4 through 9, in addition to Figure 1, highlight
important characteristics of several of tne ESCAPAC series of ejection
seats. Figure 4 depicts the design evolution of ESCAPAC ejection seats in
A-4, A-7 and S-3 aircraft. Figure 5 depicts for each ESCAPAC configuration
named in the preceding figure the major design features (these, for the
purposes of illustration, are simplistically labellea, e.g., "rocket
separator" which includes not only the man-seat separation rocket but also
the timing changes and other changes affecting the man-seat separation
subsystem). The evolutionary changes that occurred within these A-4, A-7
and S-3 ESCAPAC ejection seats are highlighted in Figures 6 through 9. A
similar series of evolutionary design changes and specific application
differences occurred within the Mk5 and Mk7 series of ejection seats, Some
of these aifferences are shown in Figure 2.

SIGNIFICANCE OF FAMILY-TO-FAMILY DIFFERENCES IN EJECTIUN SEAT DESIGNS,
BERAVIOR AND USAGE STATISTICS

v

For many years the vast majority of U.S. Navy ejection seats have been
either ESCAPAC or Martin-taker (initiaily M5 Series, later superseded Dy
the Mk7 Series) type ejection seats. Initially, and for a long period
thereafter, the success rates and other "bottom line" or "overview"
statistical data for these two famiilies of ejection seats were very similar
(Figures 10 and 1ll) indicating that the "paper performance" simiiiarities
of these seats probably were real. However, by 1978 these statistical
performance measures had diverged significantly (Figures 12 through 14),
creating considerable concern since the divergence appearea to be a result
of worsening performance of ESCAPAC type ejection seats. (The success rate
for Martin-Baker seats, primarily Mk7 Series then essentially replacing the
older Mk5 Series, appeared to have remained largely unchanged as the
worsening ESCAPAC trend developed (Figures 15 and 16).) Of particular
concern to users and the Naval Air Systems Command was the apparently
worsening trend for ESCAPAC "in envelope" ejections occurring over water
(Figure 17).
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Further examination of the accumulated ejection statistics from these two
families of ejection seats revealed a numper of potentiaily significant,
recently developed aifferences in their ejection records. Several of these
patternistic differences appeared important in terms of their potential for
producing injuries and fatalities. In each of these recently geveiopeaq
differences it appeared that the changeover from older to newer, upgradeq
versions of ESCAPAC type ejection seats were resulting in increasinyly
undesirable performance characteristics, while the performance of the
Martin-Baker ejection seats remained essentially unchanged during the
changeover from Mk5 Series to M7 Series. These performance differences
between the two families ceveloped even thnough the evoiutionary "paper
performance” of contemporary ESCAPAC and Martin-Baker ejection seats
remained very similar. These differences in "in-service perforinance",
althougnh not accurately cefined, were pecoming apparent to the Fleet ana
were helping to cause a worsening trend in the moraie of U.5. Navy aviation
personnel. (Although one can accept the expected consequences of an
out-cf-envelope ejection, it is extremely aifficulit to accept nign fatality
rates ang majur injury rates for ejections appearing to have been well
within the advertised safe envelope, particulariy $o wnen one 1is a
potential user.)

Thus the immeqgiate proolem was to igentify just wrniat naa cnangea in eacn
family of ejection seats andg which of those changes might be relatea to the
agivergence between their familial statistical performance measures. It was
recognizea that there were a numoer of potentially important conceptual
differences between these two families; the most important of tnese were
suspectea to oe:

o Differences in stability

Those ESCAPAC ejection seats for which most
Jusage data has oeen acquirea do not have
continuously operatiny stabilization systems,
whereas all versions of Martin-Baker seats,
shortly after clearing the disapled aircraft,
are drogue stablized until personnei parachute
deployment starts (during personnel parachute
deployment in Mk 5 ana Mk 7 series ejection
seats the seat and man experience a short
perioag without active stabilization and, in
fact, the parachute aeployment forces may
sligntly destapbilize the compination).

0 Man-seat separation

The ejectee in ESCAPAC ejection seats nas to
be separatea from the seat pefore geployment
of the backpack type personnel parachute can
occur. Separation of the ejectee from the
first (early model) ESCAPAC (and RAPE() seats
was achieved py first inflating a bladdger on
the seat back followea oy the inflation of one
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in the seat bucket. This blagoer inflation
sequence caused the gjectee to lean forwarg in
the seat so that the subseguent upwara push
from the inflation of tne seat bucket bladder
would not jam the parachute pack up agalnst
the headrest and prevent or impair man-seat
separation. Durinyg the evolution of the
ESCAPAC family, the separation system was
changed to a snubber system (ESCAPAC 1A-1)
which slowea the seat and released ali
personal restraints causing the ejectee's
inertia to separate nim from the seat.
Subsequently, the latest ESCAPAC seats
(installea in A-4, A-7 and S-3 series
aircraft) usea a small man-seat separator
rocket motor to propel the seat down and aft
away from the ejectee. Uccasionally, at least
with the blagoer separation system, man-seat
separation distances woulo develop so slowiy
as to permit or cause post-separation
collisions petween man and seat and/or seat
interference with the oeploying parachute,
often with severe consequences for the
ejectee. Tnroughout the evolution of U.S.
Navy Martin-Baker ejection seats, the
ejectee's personal restraints were released
from the seat when parachute deployment began
out the ejectee remained loosely attached
within the seat by "sticker clips" duriny
parachute deployment so that when the
parachute opened and abruptly siowea the
ejectee, the inertia of the seat caused it to
separate from the ejectee on a
non-interference patn.

0 Parachute deployment

The ESCAPAC parachute was packea in a standara
U.S. Navy backpack. 1n the first ESCAPAC (and
the RAPEC) seats, the pack flaps were openeq
eitner through automatic or manuali actuation
of the ripcora, thereby releasinyg a small
pilot chute. Some pilot chutes openea
umbrella fashion and some were coiled spriny
types that tenged to pop out of the parachute
pack a short distance. This pilot chute was
attached to the apex of the personnel
parachute canopy ang once it managea to ciear
the wake effects of the ejectee woula retard
the parachute causing it to emerye apex first
from the pack. The planking effects of the
ejectee's wake made the auration of this
process highly variable. Therefore, to make
it more consistent ang therepy predictaole,
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aircraft surfaces.

the later versions of ESCAPAC employed an
externally mountea pilot chute which woula
enter the windstream essentially clear of the
ejectee's wake effects auring his separation
from the seat. This EPC (external piiot chute)
was effective for iow speea ejections, g-force
during ejections much greater tnan 120 knots
would shrea the EPC thereby avoiaing a
too-quick deployment and the subsequent
too-high speed opening of the personnel
parachute. Inasmuch as body orientation of
the ejectee was random, i.e., neither ocody nor
seat being stabilizeg immeociately prior to,
during or following man-seat separation, at
the time of parachute pack openiny the
parachute could pe deploying into the wina and
around the ejectee with a chance of wrapping
around the ejectee and never opening or, if
deploying crosswind, sustaining damage while
“spooning" (taking on the shape of the bowl of
a spoon). In Martin-Baker seats the personnel
parachute is forcibly extracted from a
Martin-Baker designed top-openiny parachute
pack by the duplex arogues which are used
initially to stapbilize and deceierate the seat
and e)ectee. The fact tnat the droyues are
deployed and working when they are transferred
from seat structure to the parachute apex
assures the rapid, controllea, downstream
ageployment of the personnel parachute ang,
accordingly, avoids aeployments into the wind
or crosswina.
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As is easily opbserved, these differences in these tnree aspects of tne
competing designs are highly interrelatea. what is not obvious at first is
the cause for these differences and, even more important, whetner these
conceptual aesign differences hag any relationship to the diveregence

between the statistical performance measures of the two famiiles of seats.

The ESCAPAC approach of separating man from seat ana then deploying the
personnel parachute is a natural outgrowth of early ejection seat design
evolution in which tnhe concern was effecting in-flight escape from a
disabled aircraft (the escape process was then commonly known as in-flight
emergency egress, i.e., signifying that design attention was focusea upon
the means for getting the crew out of the aisavlea aircraft).
early concepts of ejection seats really represented means for effecting the
transfer of the bailout point from within the disablea aircraft to some
point outside of that airplane, requiring the ejectee to then only push
clear of the ejected seat as opposed to climbing out of the aircraft.
performing the latter, one sometimes had to overcome high acceleration
ana/or windblast loads, and then avoid injurious contact with various
It was only later that automation of the pre- and
post-ejection sequences began and tnat concern eventually was focusea 1n

Thus the
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turn over time from simply egressing an infliynt aircraft to escape from
low level flight, grounaievel, zero/zero ana, most recently, Low-level,
adverse-attitude escape conditions. tarly in these initial years of
ejection seats Martin-Biaker introducea their pasic concept of stapilizing
man and seat and subsequently forcioly geployinyg the personnel parachute
while the ejectee was in the seat. Tnis represented a major, innovative
and extremely controversial aeparture from the main stream of ejection seat
evolution and was not readily accepted by the escape systems community, the
military services or inoustry.

The role of these conceptual design aifferences, if any, in the recentliy
developed agivergence between the families' statistical performance measures

is not reagily apparent. After all, the central difference, that of tnhe |
need in ESCAPAC seats for the man to separate a considerable aistance from

the seat before pack opening and pilot chute depioyment of the personnel

parachute versus the forcible withdrawal of the personnel parachute by '

alreagy working dorgues ana the subseguent separation of man from seat by

personnel parachute opening forces in Martin-Baker seats, had not appeared

to result in significant "in-service performance" differences. 50 if these '
differences now were significant, the obvious question was why now? Why

had they not been significant earlier?

SIGNIFICANCE OF SEAT-TU-SEAT DESIGN DIFFERENCES WITHIN AN £JECTION SEAT
FAMILY

With the latest evolution in ESCAPAC ejection seat agesign, the ESCHPAC

IF-3, ESCAPAC 1G-3, (both in A-4 series aircraft, with the latter replacing )
poth the former and the ESCAPAC IC-3 pefore tne former haa totally replaced i
the ESCAPAC IC-3 as initially planned) ana ESCAPAC IG-¢ (in A-7 series !
aircraft), the ESCAPAC ejection records quickiy beyan to refiect several

aisturbing trenas and patterns not previously evident: I

¢ An increased reportage by survivors ana ooservers of
tumoling (violent tumbling and multiple tumbles) ana
flailing (especially flailing during low speea escapes).
0 Reportage of an increased incigence of low-speed flailing
injuries.
0 Severe damage to the survival kit causing either:
- the kit to open in mid-air spewing its contents into
the deploying personnel parachute, or
- breakage of the survival kit handles precluding the
ejectee from opening the kit once on the surface.

Statistical analyses of the accumulated in-service usage data in late 1978
strongly suggested the existence of a correlation between these new ESCAPAC
usage phenomena and the introduction of the collective changes comprising
the rocket motor type man-seat separation subsystems in ESCAPAC IF=3,
ESCAPAC 1G-3 and ESCAPAC IG-2.

If, as these early data suggested, these most recent man-seat separation
subsystem changes were the cause of the recent degragation of "in-service
performance” ang if the previous man-seat separation subsystems had not
caused major probiems, then why were these changes necessary and how had

these changes produced the degraceo "in-service performance"?
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The evolution which occurred in ESCAPAC man-seat separation subsystems is
understandable in the context of the yeneral ejection seat/escape system
evolution and in the context of competitive pressures -- i.e., the neea to
offer and provige ejection seats at least equal to, or better than, those
of competitors and/or at least meeting or pettering customer specification
requirements. In first providing take-off and landiny speea groundievel
escape capability ang then later zero/zero (0/0) escape capabiiity, ESCAPAC
ejection seat designers (like the gesigners of many other types of
contemporaneous ejection seats) diu not have to surmount any major
difficulties caused by the then current slow bladder man-seat separation
subsystem (bladders were at that time used in many other manufacturer's
ejection seats) or the slow, uncertain personnel parachute ceployment
subsystem (again igentical to, or similar to, the personnel parachute
deployment systems used in many other manufacturer’s ejection seats).
Adequate time to assure succesful completion of man-seat separation ana the
generally anterference free cgeployment of the parachute was obtainabie oy
increasing the height of the trajectory apogee since, for the free fall
condition, t=J25/a where t represents time from apogee to impact witn the
surface, s represents the apogee height (hence the aistance to be travelled
during the free fall), and a represents the earth's gravitational constant
(32.2 fps ) (see Figures 18 and 19). In adaition, as a consequence of the
tragjectory height and, therefore, the extendea time available in which to
complete all sequenced functions and events, man and seat remainea together
for a relatively long time during which time the combination benefitted
from larger mass moments of inertia than either man or seat possessea
separately (1.1 seconds vs. the more recent 0.52 seconds) tending to show
the tumble rate while ensuring a significantly greater velocity decay
between ejection ana man-seat separation, especially during high speed
escapes. Thus, even though the sequenced, relatively long duration
low-force pushes from the separation blaaders in older ESCAPAC may have
caused the ejectee to tumble during and following separation from the seat,
the tumble rate was low and, due to the longer deceleration time period,
windblast (q force) imposed upon the tumbling ejectee was lower for a given
initial ejection airspeed than for the newest ESCAPACs. Thus although
there were problems associateo with the oider man-seat separation systems
(e.g.: seat hanginyg up in parachute, flailing, etc.), on the surface the
problems normally appeared no worse than those common to other ejection
seats in the U.S. Navy inventory. (It should be remembered that when the
early RAPEC I ejection seat, the predecessor to the ESCAPAC series of
ejection seats appeared, the Navy's inventory of aircraft ana therefore of
seats was heavily weighted to those designed ana manufactured in the late
1940's and early 1950's and that a groundievel escape capability at any
speed was unknown until the introguction of the RAPEC I, LS-1, HS-1, ana
the M5 Series ejection seats.) Therefore the ESCAPAC family appearea to
oe performing as well as other ejection seats.

However, all of this changed rapigly when the U.S. Navy began requiring
escape capabilities which included both the zero-zero (0/0) conaition and
the low-level adverse-attitude condition as well. Achieving the latter
requirement meant reducing propulsive thrust and resulteag in lower
trajectory heights and an associated significant reduction in the time
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available for accomplishiny the full separation of the man from the seat
ang the safe, complete deployment and opening of the personnel parachute.
This latter effect was extremely critical when attempts were mage to
upgrade to the new requirements many existing seat designs, among them
those in the ESCAPAC series.

As a consequence of tne dramatically reduced time avail. ‘Le for effectiny
man-seat separation and then parachute deployment and opei. “q in order to
meet the new U.S. Navy requirements, it was necessary in the most recent
ESCAPACs to:

o Initiate man-seat separation sooner (0.52
second vs. 1.1 secona)

o Employ a more positive, faster means of
separatinyg man and seat (rocket thruster
vs. separation blagders).

0 Use a seat pouch mounted EPC (external pilot
chute) aeployed clear of ejectee wake
effects auring man-seat separation to effect
rapid, consistent geployment of the
parachute foliowing low speea ejections.

o Employ a ballistic spreader gun to controi
the parachute throat, preventing premature
and asymmetric filling which poses many
hazaras, ana assuring prompt opening of the
parachute just prior to fuli line stretch
thereby reducing the randomness of parachute
filling times (including, occasionally very
slow, as well as normal -- nominal -- times)
during low airspeed openings.

These changes soon were reflected in the changes in fatality ang injury
rates and patterns since:

0 There was less time for velocity decay, resulting in
man-seat separations occurring at nigher airspeeas (ana,
therefore greater windblast (q force) at separation for
given ejection airspeeds.

o The ejectee was tumblea more ana also more vioientiy. with
the separation force greater, more rapid and skewed, forces
were introduceda which inguceo the yreater, ana possipiy
epicyclic, tumoling (as opposeo to the essentially pure
pitch, lower speed tumbliing associated with separstion
bladoers). The more violent tumbling occurriny in a yreater
windblast field appears to nhave increasea tne inciaence of
flail injuries associated with low speed ejections and to
have probably contriouted to the reported apparent
helplessness of many low level ejection survivors in the
water and to the increase in arowninys amony low leveld
overwater ejectees.
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o The survival kit on at least two occasions was wrenchea open
during man-seat separation, a prouolem not previously
experienced, necessitating the temporary addition of a
closure strap until kit lid locks were reagesigned to
preclude this inadvertent, premature opening ano the
consequent spewing forth of the contents inuo the parachute
(this problem occurred twice, once with fatal consequences,
before introauction of tne strap). (The strap upon occasion
made the survival kit contents inaccessioie to survivors,
exacerpating their piight.)

o The survival kit handles for manual opening of tne kit
for access to the liferaft and other survival equipments
were often oroken off apparently auring man-seat separation
precluding opening of the kit and the use of the kit
equipment by the survivor once on the surface.

SUMMARY

Analyses have been conducted of ejection data for ESCAPAC series ejection
seats and Martin-Baker series ejection seats and other types of ejection
seats. Analyses of the data for the other systems involvea far smaller
quantities witn reauced statistical significance. Thus the primary
emphasis and illustrative examples useg have of necessity been those amony
the ESCAPAC and Martin-Baker ejection seat families. The important point
of this discussion has not been the problems of the ESCAPAC series ejection
seats but, rather, the potential that gesign changes or differences in
design can, and generally do, produce gistinct, dgetectable changes or
aifferences in the ejection gata (changes in fatality rates, causes ana
patterns; changes in injury rates, causes and patterns; ana changes in
equipment damage rates, causes and patterns; etc.). These potentials neeg
to be considerec during design and shouid oe watcned for with every
in-service usuge >f a system. (with care, however, the first glimmers of
such potential problems sometimes can be detecteg duriny system testing,
especially when a thorough, pre-planned post-test analysis and teardown is
conducted for eacn test and the resultant data is continually compared
within the growing data collection. However, the likelihood of such
detection declines markedly as the numbers of systems tests is reogucea,
which is often agreed to by both parties, Government and contractor, to
effect "up-front" proyram economies -- economies that often appear
politically mandatory if a new, upgraded system offerring improvea
capability is to be acquirea ang incorporated in Fleet aircraft.)

It should also be notea that different applications of the same or
essentially identical seats can produce differences in these ejection

gata. Thus, for example, a 1963 examination of early Martin-Baker Mk5
series ¢jection seat ejection gata suyyested that a major, if not the most
significant, cause for the then alarmingly increased vertebral fracture
rate associated with the introduction of the Mk5 Series seats was the
frequently simultaneous change in many of the modifiea aircraft from
Jettisoning canopies before ejecting to ejectinyg tnrouyn the canopies. The
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cause appearea statistically not to oe, as was then the common assuinption,
characteristics of the newly introaucea Mk5 Series ejection seats
themselves. Providing support for this theory was the wige variation 1in
the incidgence of vertepbrai injuries for inaivigual mooel seats, e.g., Mk
A5, Mk F5, Mk H5, etc., and the apparent very large aifferences in
vertebral injury inciocence rates between those Mk> Series seats ejectiny
through the canopy and those ejectiny after jettisoning of the canopy.
Interestingly, this aivision (jettisoninyg vs. through-tnhe-canopy) when
applied to the data for the older NAMC Type 1 ano Type 1i pailistic
catapult seats replacea by the Mk5 Series seats, ogemonstrated verteorald
injury inciocence rates similar to those then beiny experiencea with the new
Mk5 Series seats for simiiar canopy modes. This, to a degree, demonstrates
the significance of (1) oifferences within a family of seats, (2)
similarities between seats of different families of seats, and (3) the neea
to consider ana examine the potential impact(s) of ali changes in tne total
aircrew automated escape system (AAES) and not just the patently obvious
ones such as the introduction of a new ejection seat.

Examination of design gifferences both within anag vetween families of
aircrew automated escape systems (AAES) appears ilkely to reveal many
design causes for specific injury or equipment damage rates and patterns
ang thereby permit focusing resources on correctiny these causal factors to
improve the safety of aircrews using existing escape systems and, also, on
developing appropriate specification gesign, analyses, test, ana evaluation
requirements to reduce or eliminate these and similar causal factors from
escape systems yet to be designea. These examinations also may reveai
design approaches which reduce or eliminate the incidence of specific
injuries and/or equipment damage. It is these aspects, amony others, tnat
underlay the creation of the Wircrew Automated Escape Systems (AAES) ana
Aircrew Life Support Systems (ALSS) tquipments In-service Usage Data
Analysis project by the Crew Systems Division, Naval Air Systems Command,
and its placement in the care of systems anaiysis experts having no
AHES/ALSS ties or commitments; the Analytical Systems Division, Naval
Weapons Engineering Support Activity, Washington, U.C.
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ESCAPAC vs MARTIN-BAKER
FATAL/LOST DIAGRAM

(CY1969 THROUGH CY1973)
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FREE FALL AND TOTAL TRAJECTORY TIMES FOR GIVEN
TRAJECTORY HEIGHTS ABOVE EARTH’S SURFACE

APOGEE
4 s=% AT?
) l/ 25
BRI TAD =
s WHERE a = 32.2fps
tYRAJ, TOTAL 2 2tFnEE AL
EARTH'S SURFACE
i tFREE FALL tTRAJ. TOTAL
(FEET) (SECONDS) (SECONDS)
0 0 0
26 1.25 2.49
50 1.76 3.562
75 2.16 4.32
100 2.49 4.98
125 2.79 5.67
150 3.05 6.10
178 3.30 6.59
200 3.52 7.05
228 3.74 '7.48,
250 3.94 7.88
276 4.13 "8.27
300 4.32 8.63
32s 4.49 8.99
380 4.66 9.33
3rs 4.83 9.65
400 4.98 9.97
426 5 10.28
450 5.29 10.57
476 5.43 10.86
800 5.57 11.15
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INTRODUCTORY NOTES

"ILITIES" ASPECTS OF AAES

Increasingly in all technological fields, there has developed an
awareness that although designers are trained to consider all aspects of a
design problem, there exist needs for design knowledgeable specialists
capable of examining designs from highly specialized, analytical, worst
case or "what if" viewponts. Thus an area of design analyses, often terined
"ilities" has evolved to ensure full consideration of these worst case or
“what if" aspects of design.

The term "ilities", itself derives from the ending of many of these
specialties which began with reliability and now include:

Reliability

Maintainability

Systems Safety

Human Factors

Systems Vulnerability

Hazards of Electromagnetic Radiation

00 0000

and other highly specialized fields.

Increasingly, as problems with shared characteristics have occurred
and recurred, first ad hoc efforts would be made to solve the probiems and,
frequently, since the problems would persist in some manner with
consequences deemed undesirable, resources would be deliberately planned
within programs to address the prevention or, at the very least, the
control of the problems and their consequences. Thus, slowly, a cadre of
individuals would acquire a highly specialized and unique experience and
body of knowledge and would evolve techniques for the optimal management of
these types of problems. Frequently, from these beginnings, have evolved !
the design critica) analyses specialties commonly grouped together as
"ilities".

Acceptance of these "over-the-shoulder" onlookers and criticizers by
designers (and in the case of newer "ilities", by the older, established
“jlities") has generally been slow and with considerable reluctance; in
part due to their education during which they were taught to consider and
analyze all factors in developing a design, in short, to take and exercise
full responsibility for achieving an optimal system design. Another
important factor retarding the acceptance of "ilities" is that such
specialties can be considered to represent a management expression of
dissatisfaction with the designer's products. Yet another factor retarding
the acceptance of "ilities" has been cost. The cost of performing an
“ility", generally is visible, if not for various reasons, highly visible.
The benefits derived from expenditures for "ilities" efforts seem all but,
if not actually, invisible. If performed correctly, and the resulting
advice heeded, then the problems of the past will not recur or their
consequences will remain within acceptable limits in the newly issued
systems, and the customer (Fleet) will have few, if any complaints. Then
the production acquisition managers and designers will happily accept and
probably claim full credit for the product's success.




"Ilities" specialists claims of having contributed in some significant
manner to that success generally will be difficult to document and,
even if well docuvented, they often will pe strongly discounted by
managers and designers.

The "ilities" have been especially important in AAES (as well as
ALSS), even when in the early designs, not recognized by terms now
familiar and not practised by the highly specialized personnel now
involved in all programs, for a man's life was known to be at stake
with each design and each article delivered. Today, looking back at
those early attempts to assure reliability and quality, etc., they
appear almost kindergartenish in comparison to today's techniques and
technologies. (Probably the same will be said thirty years from now
by our successors.) Increasingly, requirements have been defined and
written into specifications to be invoked in future procurements. An
examination of the ejection seat specifications, from those preceding
the basic MIL-S-18471 (design) and MIL-E-9426 (test) to the latest
revisions of these specification and their associated, AAES
specialized AAES "ilities" specifications, will reveal a major growth
in the importance of, and an associated major increase in an AAES
program's resources devoted to, the application of the "ilities".

There nave been, and there remain, many problems as the attempt
is made to benefit AAES and, thereby, aircrew safety, with "ilities".
Many of the "ilities" required modification due to the “one shot"
nature of AAES. Many of the "ilities" are extremely new and rapidly
evo]vin? and hence changing. Many of the "ilities" have become
seemingly reports and other paperwork oriented as opposed to design
impact oriented in their executfon, i.e., many "ilities" practitioners
have reached the stage of being more interested in receiving properly
formatted reports than in ensuring that the critical information is
inserted into the design process in a timely, and therefore cost
effective, manner. These and other probiems in the interfacing of
AAES (and ALSS) and the "ilities" are being addressed and are not
always unique to the AAES (and ALSS) "flities" interfacings but occur
in the "{lities" interfacings with other equipments and systems as
well,

The following five papers briefly address a few of the AAES -
“{1ities" problems. The first paper addresses the problems which
essentially rule out the use of in-service experience in estimating an
AAES reliability. The second paper outlines broadly the dichotomy
faced in AAES design concerning aircrew safety during emergencies and
the safety of all personnel encountering AAES under other conditions.
The paper briefly indicates a growing ability within the AAES/ALSS
Equipments In-Service Usage Data Analysis program to examine this
jssue and the intent, as resources permit, to explore and define that
ability. The tnird paper briefly outlines another "ilities" aspect
requiring fuller design attention; that of ensuring through attentive
design the in-service quality assurance, i.e., ensuring both
correctness of maintenance and the ability to inspect and verify its
correctness. The fourth paper discusses briefly the problems inherent
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in assuring acquisition and retention of the requisite quantity and
quality of AAES test data and in assuring that delivered articles
possess the required quality; both often extremely difficult tasks.
The paper provides illustrations of two similar techniques, in their
full detail, which, if employed in the early stages of a program,
might provide assistance in ensuring achievement of these critical
objectives and which, also, might serve as models for developing means
for helping to ensure achievement of other critical objectives. The
fifth and last paper in the section discussed the design problem of
reducing AAES vulnerability to disablement; disablement resulting from
localized aircraft damage as well as disablement resulting from
actions associated with the removal or occurring after the removal of
major AAES elements from crew stations (i.e., vulnerability to
"friendly" actions).
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SYSTEMS (AAES) IN-SERVICE RELIABILLTY

' PROBLEMS IN THE WUANTIFICATIUN UF AlRUREW AUTUMATED ESCAPE
, Fregerick C. Guill

ABSTRACT

i

An often cited system reliability number for escape systems 1S that
derivaple for a given seat by examining its in-service record, ofrten simply
» the ratio of survivors versus escape attempts. Tne fallacies ano prouiems
{ associated with this approach, including the trequent failure to recover
) major elements of the escape system for investigation, the varying qualiity
of such post-ejection investigations tnat are conducted upon recoveredq
elements, and the often conflicting views amony would be assessors of
system reliaoility of what consitutes a failure are aiscussea to explain
why this approach is cited in MIL-STD-2067 as unacceptanie.

i i
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PROBLEMS IN THE QUANTIFICATION OF
AIRCREW AUTOMATED ESCAPE SYSTEMS (AAES) IN-SERVICE RELIABILITY

Frederick C. Guill

INTRODUCTION

When applied to the field of aircrew automated escape systems
(AAES) many standard specialized disciplines such as Systems
Reliahility encounter major difficulties. In the specific case of
applying the standard Systems Reliability techniques and procedures to
AAES, the problems arise as a consequence of the "one-shot" nature of
the majority of the elements of an AAES (i.e., once such an element of
an AAES has been used it is an expended article whicn cannot be
reused). A large portion of an AAES may be likened to a fire
extinguisher sitting quietly on a wall ready for emergency use, never
functioning or operating until an emergency requires its usage.

This longterm idle, "one-shot” nature of AAES differs markedly
from the normal "multiple (frequent) use" and/or “"continuous use"
nature of devices with which reliability has long been associated and
for which much of the Systems Reliability technology was developed.
Therefore, no single escape critical component is able to acquire a
usage history, as is the case for most other equipments, with which to
make reliability estimates. Instead a collection of single
performance, essentially "go no-go" performance, data are acquired
during tests of large quantities of components and subsystems and, due
to extremely high costs, a small number of complete AAES. Thus, then,
are the data with which element and system reliabilites are estimated
-~ an estimate concerned with whether following an actuation attempt
escape will be initiated and whether all subsequent sequenced events
will occur in proper sequence, completely and properly.

In addition to the “one-shot” nature of AAES and their elements
which prevents testing the functioning of elements retrieved after an
escape attempt, there is another very critical problem affecting the
ability of employing Systems Reliability technology in assessing AAES
in their in-service environments. This problem is the high potential
for non-recovery of many, if not all, elements of an AAES following
its in-service usage. This Tatter aspect results in the loss of a
very large proportion of U.S. Navy AAES following their use and,
therefore, the loss of much evidence concerning how well or how poorly
each individual AAES and each specific type AAES in fact performed.

It is important to realize that survival of an ejectee does not mean
that the system used did not experience one or more critical failures
as the type landing terrain (e.g., snow, mud, water, etc.) may have
been very forgiving, the ejectee may have overcome the problem(s)
manually, or other mitigating circumstances may have operated in favor
of the ejectee's survival. On the other hand, non-survival of an
ejectee does not necessarily mean that there was in fact a critical
failure of the system. Conditions of escape could have precluded safe
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escape (e.g., ejection outside of the system performance envelope),
the ejectee could have manually induced a system failure (e.g., many
“beat the system" efforts were only partially completed, totally
disrupting the automatic operation of the post-boost phase functions
of the escape sequence), the system could have been damaged during or
as a consequence of the events resulting in disablement of the
aircraft and the need for the escape attempt, or the terrain or
environment (e.g., water, cold temperatures, hail, etc.) may have
contributed to, or caused, the ejectee's death.

As a consequence, the U.S. Navy has expressed in MIL-STD-2067(AS),
*Ajrcrew Automated Escape Systems, Reliability and Maintainability (R/M)
Program, Requirements for," the following position corcerning use of
in-service ejection data, especially a system's succes rate, for assessing
AAES reliability:

"3.2.6 In-Service Success Rate. That percentage of ejecting
aircrew who survived through separation from the escape system
and surface contact. Includes many "lucky" or "fluke" saves from
among the "out-of-envelope" ejections, unsuccessful
(non-malfunction) "out-of-envelope" ejections, other non-
malfunction fatalities, and system malfunction caused fatalities.
Separation of these effects to correct the success rate to obtain
a measure of in-service reliability is a matter of judgemental
interpretation of accident data of varying veracity and as such
is not an acceptable quantification of AAES reliability."

As a consequence of these cited and oft-experienced difficulties as
well as other difficulties, the U.S. Navy assessment of AAES
reliability is based upon an amalgamation of component and system
testing conducted under specified, controlled conditions and followed
by thorough, detailed, expert post-test retrieval of the test article
remains, investigation of the test data and all of the hardware
recovered from the test, and the systematic collection, test-to-test
comparisons and test series group analyses of the resultant data.
(This effort, especially the thorough examination of hardware
recovered after a test, has been termed Marginality of Success, or
MOS, and is directed towards the identification of potential and
experienced problems and the assessment of the potential severity of
their consequences on ejectee safety.) These data are factored with
other test derived data to derive an estimate of system reliability,
using the conservative approach delineated in Figures 1 through 3 to
obtain a probabilistic estimate as opposed to the simple point
estimate derivable by dividing the number of failures by the number of
tests. The probabilistic estimate is lower than a point estimate,
given the same data. The probabilistic estimate, derived using lower
confidence 1imits (LCLs), results in an estimate with a limited
probability that the true system reliability value, which cannot be
measured directly, is less then the estimate, i.e., the true value of
system reliability is therefore highly likely to be greater than the
LCL estimate of system reliability. This information is presented to,
and considered by, contractor and Navy team members in assessing
system design and its readiness for introduction into the Fleet.
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ASSESSING IN-SERVICE AAES RELIABILITY

Occasionally, despite the difficulties inherent in the task, it
becomes necessary to assess or compare AAES in-service reliability.
It is instructive to examine these attempts as they clearly illustrate
many of the difficulties to be experienced. One recent such effort
was that of two different groups separately assessing the in-service
reliability of ESCAPAC series ejection seats (used by the Navy in A-4,
TA-4, A-7, TA-7, and S$-3 series aircraft).

One group in examining the record for ESCAPAC ejection seats as
presented in the Naval Safety Center computerized MOR (Medical
Officer's Report) and similar Air Force data extracts found that "...
of the 179 ejections during the period January 1974 through June 1,
1978, only 4 (2 percent) involved equipment failures of the seat...98
percent reliability rate..." 1 The same group found "...7 (4 percent)
of the 179 ejections during the 4 1/2 year period reviewed involved
equipment failures that emanated from faulty maintenance work..." 2
Thus that group in examining the secondary records provided to them
for 179 ESCAPAC ejections found evidence of 11 failures. The 179
ejections were reported by that group to have involved 40 U.S. Air
Force and 139 Navy ESCAPAC series ejection seats.

A detailed, in-depth examination by a second group of the
original records, Medical Officer's Reports (MORs), for 140 U.S. Navy
ESCAPAC series ejections (the two groups inexplicably differ by 1 in
their totals) occurring during the same period (1 January 1974 through
1 June 1978) revealed evidence of 21 failures during the 140 ejections
(Figure 4). Several very important aspects contributing to the
obviously different totals of failures are the differences between
them concerning: (1) the definition of "“failure" employed by those
performing the reliability assessments, (2) understanding of the AAES
design and designed functioning, (3) the sources of their data, (4)
the depth of examination of that data and its sources, and (5)
understanding of how that data is generated and the experience and
expertise variance among those preparing that data. The U.S. Navy
employs a very strict, rigorous definition of "failure"; presented in
Figure 5. In addition, the second group examined the original source
documents (MORs) in extreme detail thereby uncovering many
descriptions of failures not specifically cited or designated as
failures but which should have been so cited or designated in the
appropriate locations in the original reports. These non-designatio~s
and non-citations resulted in the secondary source documentation used
by the first group having no failure callouts in many of these escape
cases,

Defense Audit Service (DAS) Report No. 79-130, page 4

2 Ibid.
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Another critical aspect governing assessment of AAES in-service
ejections reliapbility is illustrated in Figures 6 through 9. During
the period from 1 January 1969 through 1 June 1974 the U.S. Navy
experienced 470 ejections using ESCAPAC series ejection seats. Of
these 201 occurred overwater and 269 overland. With only a few unique .
exceptions none of the significant AAES elements involved in overwater !
ejections were recovered, whereas in most overland ejection cases most
major elements of the AAES involved were recovered. Thus in most i
instances failures occurring during overwater escapes could not be :
detected or, if obvious to the ejectee or to observers, could not be
investigated satisfactorily to a degree sufficient to permit
identification without question of the causal factors and mechanisms.

[ 2

For the specific period in which the one group discovered 11
failures and the other 21 failures, only 80 of the 140 ESCAPAC
ejections were over land (and hence the seats were generally
recovered) or over water with the seats later recovered. 17 of the 21
known failures occurred amongst the 80 recovered or recoverable seats
(Figure 9). And only 4 were reported amongst the 60 over water
ESCAPAC ejections in which the elements were lost. This difference in
reported failure rates, when one examines the available records,
appears clearly related to the frequent examination of hardware
following overland ejections and the extremely infrequent hardware
retrieval and examination following ejection over water. A
statistical examination of these failure rates of highly similar, and
in many instances identical, design ejection seats quickly reveals the |
failure rate among the overland and recovered seats (0.21) to be
statistically significantly greater (indicating, therefore, that the .
difference is extremely unlikely to be due to chance) than that for f
the seats lost over water (0.07), suggesting that many seats -
containing evidence of significant failures remain hidden deep within
Davy Jones' locker as it is unlikely that the seats used overwater 1
would have experienced such an improvement in reljabijlity over that
experienced by essentialy the same seats when used overland.

Thus for the entire ESCAPAC family, the first group assessed E
ESCAPAC series ejection seats' in-service reliability by direct
computation as 94 per cent [(179~11) +179] (this group divided
failures into “reljability" and "maintainability" types of failures ]
with a 2 percent and a 4 percent degradation, respectively). The ’
second group using the same technique (direct computation{ assessed
in-service reliability either as 85 percent [(140-21) + 140] (based on
all ejection attempts) or as 79 percent [(80~17) +80] (based on
overland recoverable and actually recovered overwater ejection
attempts). These differences in computed reliability are a
consequence of the use of different source documents, a consegquence of
differring assessments concerning what constitutes a failure, a
consequence of differences in the investigators' knowledge of the
detailed functioning of each of the ejection seats used, and, also, as
a consequence of discounting or not discounting those seats not X ]
recovered. : [
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However, two other critical factors are involved in assessing
system reliability:

o Using standard conservative statistical reliability
estimation procedures, such as a lower confidence limit

estimate (specified by MIL-STD-2067 as R goLcL )}, and

o Effects of design differences between the individual
seats comprising a family such as the ESCAPAC series
seats.

The first factor occurs as a consequence of the nature of
reliability which, although it is an inherent feature of a system's
design, cannot be directly measured. Reliability, therefore, is a
design attribute which must be estimated on the basis of observed
results of a series of system trials. To provide an aid in assessing
the probable accuracy of such estimates, a statistical estimation
process is employed (Figure 2) which attempts to "bound" the true (or
actual) system reliability between an upper bound (upper confidence
Yimit: UCL) and lower bound (Tower confidence limit: LCL), essentially
thereby a confidence interval. What is created then is an estimate of
the probability that the true reliability value of the system is
greater than the upper estimate and/or lower than the lower estimate.
This figure illustrates the derivation of the 90 per cent confidence
interval for which the lower single sided confidence R gy of 95 per
cent estimate forms the lower statistical estimate of the system
reliability. The probability, by definition of a system's true
reliability being less than this R gg  estimate is 5 percent (i.e.
the probability that the true system re*iability is equal to or
greater than the R ,95LCL estimate is 95 percent). In a similar
manner, the probability that the true reliability value is greater
than the 95 per cent upper confidence single sided limited ?R.QSUC )
is only 5 per cent (i.e., the probability of the true value being *ess
than the estimate is 95 per cent). The combination of these two 95
per cent single side confidence limits results in a 90 per cent
confidence interval commonly expressed in reliability specifications
as R _goLcL, where LCL is defined as lower confidence level but in fact
defines the confidence interval.

The effect of this statistical approach to estimating system
reliablity results in a lower, more conservative estimated value than
that obtained using the direct computational method (Figure 9), i.e.
for 17 failures amongst 80 ejections R, goLCL value is 71 percent
versus the direct computational value of 79 percent.

It must be acknowledged that even minor seeming differences in
designs can produce differences, often very major, in reliability.
Thus the presence of design differences between seat types comprising
a seat family (e.g., ESCAPAC) requires that reliability be assessed
seat-type-by-seat-type as shown in Figure 10. Largely as a
consequence of extreme variations in population sizes (i.e., numbers
of ejections for each type seat) and, to some degree as a consequence
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of the differences in numbers of failures for each type seat, these
individual seat type R _90LCL estimates shown in Figure 10 vary
considerably and for several of the seat types could change
dramatically should future recovered ejected seats not reveal evidence
of any failures.

OTHER AAES CHARACTERISTICS IMPACTING UPON ESTIMATING OF AAES IN-SERVICE

RELTABILITY

AAES in-service reliability characteristics and impacts differ
significantly in many ways from those of more common equipments used
often and for long periods of time. As yet these have not been
critically examined in depth, but it is important that these charac-
teristics and impacts be recognized. Among these characteristics and
impacts are:

o Age (calendar) sensitivit¥ gi.e. as_opposed to flight
and/or flight hour sensitivity) of many elements.
Because of this age sensitivity, many elements must be
maintained and replaced at regular calender intervals
irrespective of the numbers of flights and/or flight

hours accumulated by the element while installed.

o Post-usage investigation of AAES and their elements. As
previously discussed, many Navy RAES and their elements
are not recovered after usage thereby resulting in the
loss of evidence concerning how well or how poorly the
system and its elements functioned. Those which are
recovered are subjected to varying degrees of post-usage
investigation. Based upon the reports which have been
submitted, usually MORs, many of these investigations
appear superficial and there is apparent a wide variation
in the expertise and the investigative skills, ability
and interest of those conducting the post-usage
investigations as well as of those preparing the reports
of the investigative results.

o Actions resulting from discovery of a failure. As pre-
viously 31scussea, many elements of AAES are "one-shot"
elements for which post-usage repair/refurbishment either
is impractical or for aircrew safety reasons (e.g.,
stress imposed upon the item is unknown, hence if re-
furbished and reused it might fail) not permitted,
thus dictating the consignment of these elements to the
scrap heap once the post-usage investigation has been
completed and documented. Unless the investigation for
these types of AAES elements indicates that the failure
probably is not an isolated incident (i.e., indicating
that other escape attempts using that AAES element's
design and its maintenance procedures are likely to
experience similar failuresg, it is unlikely that any
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action will occur concerning those remaining in

Navy AAES inventory since there is considerable concern
regarding the potential that inspection to ascertain the
presence of the potentially dangerous condition
(especially when inspection requires some teardown or
removal of the AAES or any of its elements) may introduce
far more problems than will be detected and resolved.

o Limits on eliminating single point failures in AAES
designs. Many of the “one-shot™ AAES elements are
especially critical since there are no effective,
acceptable means for providing either redundant or
back-up elements. Examples include personnel para-
chute, propulsion units and even critical portions of
AAES initiation subsystems. (Space limitations and the
need for aircrew mobility while performing as aircrew,
for example, preclude the use of a manually actuated
reserve parachute such as is common for parachutists.)

These types of AAES in-service reliability characteristics and their
impacts can be expected to exert strong influences on in-service
System Maintainability and on System Life Cycle Cost (LCC). Among
common aspects of maintainability expected to be influenced are:

o In-service DMMH/FH (direct maintenance man-hours per
flight hour)
o In-service MTTR (mean time to repair)
o In-service ﬂaé (maximum corrective maintenance time)
t
o In-service MTBF (mean time between failures)

with attendant impacts upon spares policy and maintenance personnel
staffing policy.

Among the aspects of LCC which can be expected to be strongly
influenced by these AAES in-service reliability characteristics and
impacts are the relationships between:

o R&D (research and development) costs

0 Acquisition costs

o 0&S (operation and servicing) costs
It can be expected that for many AAES elements, 0&S costs will
represent a significantly smaller proportion of the total LCC than for
similar types of devices in applications experiencing the wear and

tear associated with frequent and/or long usage. These aspects and
impacts are discussed in greater detail in other reports.
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CONCLUSION

The problem of assuring high in-service reliability is a critical
one, and, although the in-service usage data cannot and should not be
ignored (the data might reveal failure types not discovered or
anticipated during design analyses, evaluation and test), system
reliability should not be estimated strictly on the bases of these
data but, rather on the bases of test programs testing to system
design limits and allowing collection of performance data and the
careful retrieval and expert post-usage examination of all elements of
the AAES.
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IN=-SERVICE SYSTEM SAFETY ASPECTS UF ALRUKEW AUTUMATeU
ESCAPE SYSTEMS (AAES)

Fregefitk LU, LULLL
ABSTRALT

ALMOSt every year yroundcrew persuinel afe reported Lo Nave sustalned
serious or even fatal 1njuries wnile working near or upon major eiements of
alrcrew autoinatea escape systems (KRAES). Tne trage-oft made oetween
grounacrew, normal inflignt aircrew anu in extreme alrcrew satety are
giScussed 1n expialning why such Systems are oOf necessily ang Uy gellbelate
government specification decision inherently gdangerous and why the options
for regucing tnat gangerousness are limitea if in extremis aiIcrew are tO
Survive.
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IN-SERVICE SYSTEM SAFETY ASPECTS OF AIRCREW AUTOMATEU
ESCAPE SYSTEMS (AAES)

INTRODUCTION

Aircrew automated escape systems (AAES), their major elements, and many
of their components are inherently and necessarily dangerous to ground
personnel, aircrew, and all other personnel entering an AAES equipped crew
station or cockpit or working with or near these systems and components
outside of an aircraft -- a fact requiring both recognition by, and the
exercise of appropriate precautions by, all U.S. Navy personnel
encountering these equipments. Actions long have been taken by both
Government and contractors to assure that all aircrew and groundcrew are
fully aware of the hazards and the correct handling and operating
procedures for these equipments. The majority of the major hazards posed
by these equipments are related to the deliberate, necessary, extensive use
of pyrotechnic (explosive) materials and to the requirement that to ensure
the safety of aircrew of disabled aircraft requires that immediately upon
firing control actuation these equipments must initiate and complete all
sequenced operations without hestitation. The trade-offs in safety have
been carefully and deliberately made with the full comprehension by
Government aircrew automated escape system (AAES) requirements formulators
and engineering managers of the benefits to be derived and the hazards
faced as a consequence of requiring and accepting these designs. The use
of pyrotechnic materials is dictated by the need to store within extremely
small volumes and light weights for extended periods of time the large
amounts of energy needed to propel aircrew from a disabled aircraft and to
power specific functions at appropriate times during the escape sequences.
In these terms, the most efficient adequate source of power is chemical
(explosive) compositions. The requirement for immediate and complete
system reaction following actuation of the firing controls is dictated by
the often minimal time available between aircrew recognition of, and
reaction to, in extremis conditions and the subsequent destruction of the
aircraft and all that remains within it. It should be noted, however, that
requiring and recognizing that a design be such that it is inherently
hazardous does not mean that requirements have not been levied by the
Government and implmented by AAES designers to, by design, reduce the
likelihood of inadvertently actuating an AAES or its elements. For
example, the U.S. Navy's ejection seat specification, MIL-S-18471, has long
required a minimal pull force and pull distance for each firing control
before it actuates the system. Similarly, there are component
specification requirements imposed to enhance the safety of handling,
maintenance and use such as the "no fire pressure" and "all fire pressure"
stipulated for gas actuated initiators, minimum pull force and stroke
distance for mechanically actuated firing pins, for the U.S. Navy could i1l
afford systems which frequently injured personnel or damaged aircraft.
Accordingly, to repeat, government engineers and technical managers have
knowingly exercised their best judgement concerning the needs of the
service, and the need for systems which are safe to handle, transport and
maintain and yet capable of the instantaneous reaction to an aircrew's oft
delayed, in extremis decision and action to escape and thereby survive.

[ RECED1ivG Pa
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DISCUSSION

Controlling the inherent dangers of AAES requires extreme care,
especially when attempting control through design or through the use of
safety devices, to prevent hazarding the very lives AAES are procured to
protect -- those of aircrew in extremis. Past experience has painfully
demonstrated that safety devices often kill -- shipping/handling safety
devices have been found still installed on critical components in AAES
which aircrew unsuccessfully attempted to use and consequently perished in
and parts of ground safety pins on several occasions remained in safety pin
holes after removal of the pins, thereby fatally thwarting all attempts to
escape. In MIL-S-18741, the U.S. Navy (as does the U.S. Air Force in
MIL-S-9479) provides design guidance and requires that system safety and
other "itlities” analyses be performed and used in AAES design efforts to
control the AAES dangers to Navy-acceptable levels. However, the U.S. Navy
long has recognized that there are severe limitations and potentially very
severe consequences in attempting design control of these hazards and,
therefore, has in the past relied upon, and currently relies upon the
frequent use of warning placards on the equipment (requirements spelled out
in MIL-S-18471 and other governing military specifications and standards);
warning notices in manuals, instruction cards and materials; and training
stressing correct procedures and the dangers involved, especially the
dangers involved in using incorrect procedures.

AAES also pose a multitude of lesser, more mundane hazards to U.S. Navy
personnel. Due to the non-spectacular nature of mishaps which can result
from a great many of these lesser hazards, and since the incidents which
might and do occur usually involve only very minor degree of injury or
damage, very few of these lesser incidents result in reports, especially
reports reaching repositories such as the Naval Safety Center, Norfolk.
(The Naval Safety Center disseminates such information as is received to
the equipment acquisition commands, such as the Naval Air Systems Command
and to the equipment using activities through several media, including
urgent naval messages as well as periodicals such as Approach.) Typically
incidents involving lesser types of hazards result in cuts, abrasions and
bruises, clothing rips and tears and similar minor consequences. Perhaps
their most important consequence might be in inducing poorer quality
maintenance of AAES, but such cause and effect relationships cannot as yet
be documented with the types and detail of available in-service data and,
therefore, remain speculative issues. Nevertheless, MIL-S-18471 does
require a number of design and design analysis efforts and MIL-E-9426 a
number of evaluation efforts aimed at eliminating these types of hazards.

Thus, recognizing both the existance of the many potentially severe
hazards and the need for their existance in AAES, the U.S. Navy has
attempted through both requirements governing contractor AAES design
efforts as well as extensive personnel training and instruction to effect a
difficult, judicious balance between aircrew inflight safety during
emergencies and the safety of all personnel at all other times when
encountering AAES, their major elements and hazardous components. The
questions then are: How well has the Navy succeeded? Is the record
improving or worsening? What guidance for improving system design safety
for ground operations without degrading emergency performance can be
gleaned from the Navy's failures and successes?
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IN-SERVICE AAES SAFETY

Virtually the only evidence available within U.S. Navy records
concerning in-service AAES safety are those reports delineating:

o Inadvertent actuation of AAES during flight operations (code
5 ejections), this includes preparation for and the completing
of such operations by the aircrew,

o Inadvertent actuation of AAES or elements thereof during ground
operations, including aircraft and cockpit maintenance,

o Inadvertent actuation of AAES or elements thereof during AAES
maintenance,

o Failure of AAES to function or to function completely following
deliberate actuation of firing controls by the crewnember.

and injuries and/or damage resulting from the inflight, ground handling,
transportation, or maintenance anomalous behavior of the system or elements
in gquestion.

At the time this paper was prepared, AAES data pertin.nt to system
safety, with the exception of inadvertent AAES actuation during flight
operations, had not been examined in detail; however, some available data
was assembled and are presented as Figure 1 concerning hazards posed by
various ejection seats during ground operations and system maintenance and
as Figure 2 concerning inadvertent ejections among all U.S. Navy AAES. In
addition to the in-service inadvertent system and element actuations, there
have been several which occurred at Navy field activities under controlled
test conditions with specified safety precautions required. The data is
presented not so much to focus upon those particular seats, but, rather to
illustrate the seriousness as well as the severity of AAES safety problems
to the Navy and, especially, to U.S. Navy personnel encountering AAES. It
is intended that with the recent receipt of the Naval Safety Center,
Norfolk, computer tapes for all aviation mishaps, AAES in-service safety
will be examined in depth by the Naval Weapons Engineering Support
Activity, Washington, D.C. and the results of such analyses published.

COSTS OF AAES INCIDENTS/ACCIDENTS

The cost of in-service AAES incidents/accidents are difficult to assess
and it is doubted that presently available records will permit complete,
accurate assessment of these costs. However, these costs will include:

o DIRECT

- damage to AAES and consequent cost of repair and associated
aircraft downtime

- damage to aircraft and consequent cost of repair and
aircraft downtime

- injury to personnel and consequent cost of medical treatment and
loss of services.
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o INDIRECT

impact upon U.S. Navy budget plans

impact upon unit operational readiness

impact upon logistics system in providing unplanned spares
impact upon maintenance personnel performance and therefore
on safety of personnel, equipment and facilities

- impact upon aircrew performance (i.e., slower manning

of aircraft, distraction from primary tasks by concern
regarding AAES safety, etc.).

It appears that some, if not a majority of the cost data, can be
acquired and it is planned that eventually the data will be acquired. The
direct costs appear to be the most easily acquired and as other aspects of
this AAES/ALSS data analysis project are pursued, much of that data can
probably be obtained in a piggyback effort.

As data are acquired, reports will be prepared and published concerning
these costs.

CONCLUSION

As indicated in the introduction to this paper, the U.S. Navy has been
and is currently aware of the inherently hazardous nature of AAES. In
addition, the U.S. Navy recognizes the need for, and sirives to achieve, a
reasonable trade-off between the safety of in extremis aircrew whose very
lives depend upon the immediate, correct and complete functioning of those
AAES features which pose the many hazards, and the safety of all personnel
encountering AAES under other conditions. Accordingly, to enhance the U.S.
Navy's abjlity to perform the necessary and difficult trade-offs, efforts
are planned under the Aircrew Automated Escape Systems (AAES) and Aircrew
Life Support Systems (ALSS) Equipments In-service Usage Data Analysis
Program, using the newly acquired and some yet to be acquired in-service
experience data, to attempt to identify design approaches proving to be
most hazardous; both to encourage, where practicable, the retroactive
correction of the hazards in existing systems and to aid AAES requirements
formulators, designers, and systems evaluators avoid incorporating similar
excessive hazards in future AAES designs.
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IN-SERVICE QUALITY ASSURANCE FOR AIRCREW AUTOMATED ESCAPE
SYSTEMS (AALS)
A Major Design Problem

Frederick C. Guill

INTRODUCTION

In-service aircrew automated escape system (AAES) qualtity assurance (Q.A.)
is primarily concerned with two aspects of maintaining the U.S. Navy's AAES
inventory:

0 Was required work accomplished when it was scheduled to occur, and
0 Was the work accomplished correctly?

The first aspect is design related cnly insofar as design affects the
frequency of need for such work. Furthermore, the AAES in-service usage
data does not furnish adequate data for assessing this aspect, therefore
the aspect is not analyzed in this paper. The second aspect is concerned
with errors in performance of maintenance, an aspect that can be, and often
is, strongly influenced by designs. It is also an aspect that can be
expected to become increasingly critical to the safety and well being of
aircrew and groundcrew alike if entry level maintenance personnel
educational and skill levels continue to decline.! Not uncommonly design
decisions which otherwise are valid, permit or even, upon occasion,
encourage maintenance errors and misassembly. Q.A. then is faced with the
task of finding the errors which often are subtle and well hidden. Thus
in-service Q.A. is required to make up for what might be termed “"overly
human dependent design." Designs which the government has generally
~eviewed repeatedly prior to accepting them.

GENERAL DISCUSSION

Curing the design process many forces and considerations influence the
design and many, if not most or all, seem of far greater importance than
designing out human maintenance errors. From a defeatist viewpoint such
design efforts, that is attempting to design out opportunities for human
maintenance errors, are foredoomed since one cannot foresee all possible
errors likely to occur for a given design. In addition there exists a
self-comforting viewpoint held by many that if maintenance personnel woula
only perform the maintenance correctly, would carefully follow step-by-step
the equipment maintenance instructions developed during the equipment
acquisition process and upgraded as experience is obtained, there wouldn't
be any misassemblies or other maintenance errors. This viewpoint holds
that maintenance errors are not normally design problems, but people

The military supply of skill has become a well publicized critical probliem.
For instance The Wall Street Journal, 25 March 1980, on page 48 noted:

“While military leaders are trying to bolster America's ability to wage
distant wars, they're losing a critical battle at home.
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induced piroblems. There also is the viewpoint, apparently widely held, or
at least frequently offerred to senior management, that maintenance errors
with serious ejectee consequences are infrequent and few in number.

These viewpoints, of course, overlook and simplify to an extreme the
realities of human and human organizational behavior. Maintenance
personnel do take shortcuts and often they fail to follow instructions
step-by-step, not just for the simple tasks performed virtually every day,
but also for many complex tasks performed far less frequently, believing
that they know how to perform the individual specific tasks required to
perform the total maintenance action. In addition, there is the very
serious human problem of maintenance personnel becoming too familiar with
the tasks and therefore relaxed concerning both the quality of the task
performed as well as their own risks while performing the tasks. Also much
maintenance must be performed on site, away from the ejection seat
maintenance shop, and maintenance manuals and card decks often are not
carried to the job site, possibly due to the weather, their being
misplaced, their being forgotten, etc. Not uncommonly maintenance
personnel are under extreme, pressure whether in fact deliberately exerted
by their superiors or simply perceived by the maintenance personnel, to
expedite their work, are working under less than ideal conditions (i.e.,
stormy weather heaving a ship, too few people to safely 1ift a heavy
weight, etc.), are shifted or otherwise interrupted in mid-work, and often
even possess lesser skills than needed to fully comprehend and execute
safely and correctly the tasks assigned. Thus designs which fail to take
into account the trend towards lowered skill levels among maintenance
personnel, the potential working environment and conditions under which
required maintenance may have to be performed, and the greater inherent
susceptibility of some design approaches for human error would seem at
present and in the foreseeable future to be likely to experience a high and
increasing maintenance error rate; a rate translatable in AAES to a
decrease in aircrew and groundcrew safety (e.g., the capability of
installing an element backwards, etc.). (A classic example was the recent
repcrt that the ballistic hose connecting an initiator to a rocket catapult
inlet port to permit initiator gases to ignite the catapult propellant had

(Ycont.) “The armed forces can't keep enough highly trained enlisted
personnel and junior officers to operate and maintain the equipment they
already have, let alone the new weapons they hope to buy. Military
technicians and middle managers are turning in their uniforms for higher
paying and less arduous civilian jobs. So many are quitting after six to
12 years of service that military readiness is suffering.

"The Navy's shortage: 20,000 senior enlisted men.

"The Air Force is facing 'very serious problems' caused by shortages of
skilled maintenance technicians and engineers, reports Air Force Secretary
Hans Mark. ‘'Airplanes don't fly because we don't have maintenance people,’
he says.

" '(We have some fairly serious personnel problems,' Gen. Uavid Jones,
Chairman of Joint Chiefs of Staff, admits. 'Our professional people are
leaving the services, and when you lose someone with eight or 10 years of
experience, you can't replace him easily).' "
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been connected instead to the end of a nearby bolt. And there exist a
multitude of reports of equally incredible maintenance errors, many of
whicn could nave been eliminated through design and evaluation efforts.)
Designs which have not taken into account the inherent error potentials and
the oft discussed lowered skill levels of today's maintenance personnel
must then rely heavily upon in-service Q.A. to control the error rates to
assure achieving lower, more acceptable levels. Yet in-service Q.A.
suffers the same problems which are afflicting maintenance since the Q.A.
personnel generally are specially assigned maintenance personnel.

Recently designed Navy ejection seat type AAES have had to comply with a
number of requirements in the more recent revisions of both MIL-5-18471,
aimed at preventing many of the more common causes for human error in
performing maintenance, and MIL-E-9426, aimed at identifying for possiple
correction design features which might permit or actually encourage
maintenance errors. However, at this time the quantities of such systems
having been designed to, design analyzed in accordance with, design
evaluated in accordance with, and tested in accordance with, the newer
revisions of these specifications, within the U.S. Navy's total AAES
inventory, although growing, is small and their present impact upon overall
in-service AAES maintenance quality is insignificant. At this time the
problem of "overly human dependent design" has not been thoroughly
evaluated, although several examples were noted while performing a rapid
check for the occurrence of serious (leading to serious or fatal injury)
maintenance errors in maintaining AAES. Analyzing this problem may prove
impossible until further data is extracted from original MORs/FSRs (Medical
Officer's Reports/Flight Surgeon's Reports) and other sources and entered
into the program's data bank. The examples presented in the paper Aircrew
Automated Escape Systems (AAES) Maintenance Caused Aircrew and
Maintenanceman Fatalities and Severe Injuries illustrate in a limited
fashion both the nature and potential severity of some of these problems.

Again, as in the examples employed in the discussions of other evaluations
of AAES in-service "ilities" aspects, it is not important at this time
(i.e., before the planned in-depth analyses have been performed) which
seats provide these examples. The important point is recognizing that
problems of "overly human dependent designs" are generally amendable to
design action to reduce, or preferrably, eliminate the potential for
maintenance (and even aircrew) error and to reduce the consequences of such
errors if they occur. This, of course, is truer for systems in design than
for systems either in production or already in service. Thus analysis of
available U.S. Navy AAES in-service data concerning misassembly and other
forms of maintenance error occurring in in-service escape systems is
expected to suggest design practices and evaluation practices for
controlling design over dependency upon human performance both for
improving designs (1) of AAES currently in-service and experiencing these
types of problems and (2) of future AAES. This author recognizes the
effects of and, in fact has himself had to acquire systems for the Navy
while under the extreme duress of, seemingly impossible schedules with
lower than actually needed staffing. However, it has been this author's
personal experience that even under these conditions, and probably
especially under these conditions, attention to reducing design over
dependancy upon human performance is a necessity and that, if it is kept in
the forefront among the issues examined by project/program management,
progress will be achieved.
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CONCLUSION

The provisions of MIL-S-18471 and MIL-E-9426 (as well as similar statements
in the U.S. Air Force specification MIL-S-9479) concerning design, design
analyses, and evaluation procedures to eliminate designs unacceptably
susceptible to maintenance errur have resulted from in-service, in-test and
design evaluation information and if followed stringently are expected to
help reduce the AAES in-service maintenance and inservice Q.A. error
problem and thereby enhance the safety of both aircrew and groundcrew
personnel. That problem must be addressed and addressed continuously and
conscientiously by designers and their supervisors, acquisition agency
representatives throughout the design and evaluation cycle, by maintenance
school instructors, and by Fleet personnel themselves -- maintenancemen,
maintenance chiefs and maintenance officers. The problem is real. It is
serious. It results in avoidable injuries and deaths each year. It will
not disappear because we refuse to see it or choose to ignore it;? it
requires positive action from each and every one of us.

2 This topic will be addressed in many forthcoming analyses to be performed
by the Naval Weapons Support Activity, Washington, D.C., under the Aircrew
Automated Escape Systems (AAES) and Aircrew Life Support Systems (ALSS)
Equipments In-service Usage Data Analysis Project.
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WUALITY ASSURANCE PLANNING OF AIRCREW AUTUMATEU ESCAPE
SYSTEMS (HAES) TESTING, TeST DATA ACWULSITION ANU
HARUWARE PRUDUCTIUN

fregerick C. Guill
ABSTRALT

Human enaeavors commonly encounter many oustacles ana SetLdcks, soine
predictaole and some not, some preventabie and some nNot. HKlrcrew automated
escape systems (AAES) programs are no exceptiuons. However, dactlons can oe
initiateo duriny eariy program planning and during later stages to igentary
many of the likely proolems which may arise during a program. Une of the
techniques, normally employed to assess system safety of design, which can
pe successfully employed to igentify and tnerepy permit manayement to
consider the potential proolems ana tneir consequences 1s the fault tree,
whether presented in a formal or informal rormat. Two examples 0T such use
of fault tree analysis are presented to iliustrate their use as a
management proyram planning tool.
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WUALITY ASSURANCE PLANNING FUR AIRCKEW AUTOMATED
ESCAPE SYSTEMS (AAES) TESTING, TEST DATA ACQUISITION
“="—AND FARDWARE PRODUCTION — SOME THOUCH s

Frederick C, Guill

INTRODUCTION

This author is certain that many of us employea 1n the alrcrew
automatea escape systems (AAES) and aircrew life support systems (ALSS)
fields can ana perhaps do periodically sorrowfully remember and refiect
upon, tests gone awry at consideraole expense, the loss of crucial test
gata, and worse, the loss of life occasionea oy the faiiure of a sysem to
perform correctly in an emergency. The author in conducting AAES programs
for the Crew Systems Division (AIR-531), Naval Air Systems Commana ang 1ts
pregecessor organization, has experienced the anger and frustration that
accompanies the explanation that a system failure resulted from one or more
bad parts or assemblies or that a test conducted at considerable expense
failea to yield the required data and might neea to be reconaucted at
further cost from one's very badly stretched program budget and with
attendant slippage in a schedule that literally has been pursting at the
seams since program initiation. Almost invariably the post-mortem reveals
that underlying problem(s) leading to the failure could have been prevented
hag management and the entire organization paid proper attention to dgetails
and followed established proceagures. Occasionally the post-mortem reveals
flaws in the establishea procedures; flaws requiring immediate correction.

GENERAL DISCUSSION

The author, following some proolems during ana followiny an escape
systems test resulting in the loss of some anag the deygrading of other
critical oata peing obtained during that escape systems test, requested ail
of the parties involved in the test and in all of the phases relatea to the
acquisition of the test data to aid in the creation of a tree aepictiny the
means whereby test gata could become not availablie or not usable. This
tree (Figure 1), when examined, contains N0 Surprises anag nNo mayical and
inexplicable problems. The experience of this author and of those who
aided in the creation of the tree was tnat virtually every type of prouiem
leading to this unoesiraole ano oft expensive consequence was preaictaole
and, therefore, potentially avoigabie.

Several years later, to this author's extreme chayrinh and embarassment,
one of the Navy's activities working in two capacities (one part helping to
manage and oversee technical work and a aistinctly separate part
manufacturing critical elements) in one of the author's escape system
programs succeeded in shipping a defective critical part (which,
fortunately was subsequently detected by that activity, permitting recall
of the defective part before it was installed). As a conseguence of the
findings as to how the defective article slipped through the activity's
guality control system's procedures, the author requested the activity to
assemble a fault tree examining how a bad item could be shipped (the title
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page is shown as Figure 2, the remaining 87 payes as Appenaix F). Again
the resultant product contained no surprises, as it would seem that between
the various participants in the management and supervision of the
preparation of the Figure 2 tree, virtually all of the causal factors ang
causal factor trains proposed oy the preparers of the tree haa peen
experienced, many more than once.

INTENDED USE OF THE FIGURES

The author's intent in having Figures 1 ana 2 created and now in
disseminating them was to demonstrate that the fault tree concept would pe
used as an effective management planning tool in allocating resources to
critical aspects of programs and to cause the creation of, and make
generally available, documents which might aia AAES/ALSS management and
technical personnel in planning the successful, cggglete acquisition of
test data (Figure 1) and in planning tne delivery of AAES/ALSS free of
critical (i.e., life endangering) manufacturing defects (Figure 2).
Accordingly Figures 1 ana 2 are offerrea to the AAES/ALSS community in tne
hopes that they might aid in creating the quality requisite to all
AAES/ALSS proaucts and thereby enhance the safety of our Navy's aircrew ang
groundcrew personnel. It is further hoped that the concept represented in
Figures 1 and 2 might be employed in other aspects of ARES/ALSS proyrams
sufficiently early to help assure achievement of the requisite quality for
AAES and ALSS.

CONCLUSION

Comments concerniny possible aaguitions or deletions to Fiyures L ana/or
2 should be addresseo to the author. It is sugygested that the concept
illustrated by these two figures can pe, and probaoly sShouiQ be, appliea
early in the planning of a program, of critical aspects of a proyram ana of
tests. Developing these data can aid in pianning scheaules, staffiny,
funaing, ana means for reaucing the likelihood that expensive, time
consuming and reputation damaging serious proolems might occur. uUpan
programm implementation such documents can aid enormously in the management
of the program. However, unless documents such as Figures i and 2 are useu
in these ways, they are useless and represent an excessive cost to the
program, for by themselves the documents are unable to prevent any of tne
predictable problems from occurring. There is, however, one very serious
danger that must constantly be borne in mind and tnat is that virtuaily no
program has the luxury of having all of the funding and staffing requirea
to prevent all serious problems. These types of documents, then, can but
help the planner(s) and management assess risks versus cost, staffing ana
schedule impacts and to then make the necessary trace-off oecisions that
are the provence and responsibility of managers.
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AIRCREW AUTOMATED ESCAPE SYSTEMS (AAES) IN-SERVILE VULNCRABLLLTY,
A DESIGNER'S PRUBLEM

fFregerick C. Gulil

ABSTRACT

Aircrew automated escape sytems (AAES) hdve a potentiaily unigue set of
problems associateg with the frequent removal of major elements, especially
ejection seats, to facilitate non-AAES cockpit maintenance actions. Tnese
potential proolems and tne specification requirements imposed to limit
their adverse consequences are pri:riy auadressea.
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AIRCREW AUTOMATED ESCAPE SYSTEMS (AAES) IN-ScRVICE VULNERABILITY
A DESIGNER'S PROBLEM

Fregerick C. Guilil

INTRODUCTION

Aircrew automated escape system vulnerability as definea in MIL-S-81471F
(Para. 3.7.2.3) is uniquely broad in scope inclugding not only the classic
"gamage induced by hostile actions", but also the following not so typical
vulnerability damage causation factors:

a. Human induced gamage while the system is installed in tne
aircraft.

b. Damage inducea auring system/component removal from, ano/or
installation in, the aircraft.

c. Damage occurring while the system/components have been removea
(either damage of removed elements or of elements exposed
within the aircraft as a result of removal of other system
elements).

a. Damage resulting from incorrect/improper maintenance (i.e.:
overtorquing, failure to connect, erroneous connections, etc.).

e. Damage induced py aircraft/weapons system failures.

Yulnerability currently is one of the several "ilities" which HAES
designers and evaluators must consider throughout an AAES acguisition

program.
GENERAL DISCUSSION

The U.S. Navy position is that much of the "friendly" damaye, mainly
incurrea during aircraft and AAES maintenance, can be prevented by careful
design and design analysis fed back into the system aesign to reauce aesign
dependancy upon the care ana performance of personnel. A consigerable
portion of the in-service damage experienced in existing and earlier AAES
seems to have resultea from the removal of an ejection seat from a crew
station. Removal of the seat, especially in older systems, generally
leaves exposed sequencing and other ballistic lines within cockpits as well
as other critical components in unprotectea locations to be stepped upon,
struck by tools and toolboxes, etc., The resultant adamage often is not
apparent (i.e., dents in or crimping of ballistic lines, kinking of cables,
fraying of lanyards, slight bending of metal parts which must move) thereay
restricting gas flow, weakening cables and lanyards, ang jamming metal
parts which must move, or causing parts which must strike to miss. In some
instances, even when seemingly very apparent (i.e., extreme damage), ddmaye
has remainea unaetected or, if detected, uncorrected until escape system
use or later maintenance actions. Removed seats themselves often have
sustaineg damage of critical iines ana components which protude outsice the
protective structural envelope of the seat wnen the seat was placea upon
the ground or deck, pushed or draggea clear of the work area, etc., Again
damage often has not been apparent or observea until a later event.
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Another problem, and a very critical one from the AAES oesigners' ang
evaluators' viewpoints is the very numan and undgerstandable tenagancy to not
report such camage when discovered if it is suspected tnat it occurred
within or was caused by one's own activity's personnel. The natural numan
tendancy when facing such a situation is to simply fix the problem and keep
quiet apout it. Thus, often, and how often we have no ready means for
quantifying, no reports are generated and we in the requirements
formulation, design and evaluation phases of AAES acquisition unfortunateliy
are left in plessful ignorance of many propblems which might be rectifiable
by retroactive design actions and extra care ouring the initial desigyn
efforts and subsequent design analysis ana evaluation efforts for future
AAES.

CONCLUSION

At the time this report was being prepared, oata pertinent to assessilny
in-service vulnerability of AAES designs had not been evaluated. Some such
gata has recently been received and, as priorities permit, will pe culled
and analyzed, however, by the very nature of the data and report contents
this will entail a lengthy ana tedious process, most of it manual, to
establish a design vulnerability data base. As the evaluation of AAES
in-service data progresses, the necessary efforts will be mage poth to
identify current AAES and specific AAES design features particularly
susceptible to sustaining "friendly" damage, critical system damaye
resulting from localized aircraft gamage (whether combat induceda or induced
by failure of nearby systems) as well as those current AAES ang AAES desiyn
features less likely to sustain such gamage. The specific aims will be to
gevelop information concerning the "frienaly" dameye casualL factors ana
modes. In aadition, to the extent that the combat escape data banks
generated by and now in the possession of BioTechnology Incorporated,
Arlington, permits, the aim will be also to develop gata concerning
reducing system total vulnerapility to hostile actions (combat inaucea,
localizeda crew station area damage). Tnis data is expected to be of value
in developing guidelines both for retrospective incorporation into existing
AAES ana for inclusion in future new AAES design for reaucing both the
incidence rate and severity of "frienoly" ana other damage to U.S. Navy
AAES.

As the results of these analyses become available, they will be reportea to
the AAES community and, where feasible, will pe reflected in tnhe U.S. Navy
AAES specifications.
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i IN=SERVICE WUALLITY ASSURANCE FUR ALRUKEW AUTUMATEL cSUAPE
I SYSTEMS (ALSS): A MAJOR UESIGN PrOblLEM

Fregerick c. Gulll
ABSTRACT

A major factor affecting an aircrew autumatea escape systemns's (AALD)
in-service success rate, groundcrew injury rate and general cost of
ownersnip is tne achievable maintenance quality. Many of tne proolews
often dismissed as "waintenance error" have their genesis in design
choices, some of whicn are very limitea wnile otnecrs are virtually
unlimited except by the desiyner's experience concerning and consigeration
of the proolems of the operational world -~ tne worlg in whacn the gesiynea
system will be maintained ana kept operational. The designer of an AAES
through his design cnoices ana cecisions, therefore, nas the potential to
greatly enhance or to greatly oegrade the in-service quality achieved

j during operational maintenance.
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INTRODUCTORY NOTES

ANALYSES OF IN-SERVICE USAGE DATA

The prime function being performed currently by the Analytical Systems
Division (ESA-31), Naval Weapons Engineering Support Activity, Washington,
0.C. under the tasking for the Aircrew Automated Escape Systems (AAES) and
Aircrew Life Support Systems (ALSS) Equipments In-Service Usage Data
Analysis project is the development of an analytical system with which to
analyze in-service usage and ownership data to identify and define problems
in a manner aiding the Crew Systems Division (AIR-531), Naval Air Systems
Command, Washington, 0.C., make decisions concerning the optimal allocation
of funds for projects to enhance aircrew safety. The analyses are expected
to be useful also in aiding the Crew Systems Division seek and justify
additional resources for projects aimed at resolving problems identified as
occurring among current AAES/ALSS on a non-isolated incident basis having
significant adverse impact upon aircrew and/or groundcrew safety.

In pursuing its primary function, the project team has had to (1)
identify sources of AAES/ALSS in-service usage and ownership data, (2)
acquire that data, (3) enter that data into the Analytical Division's
computers, (4) gain familiarity with that data, and (5) at the same time,
gain a degree of familiarity with and understanding of its customer's (Crew
Systems Division's and its field activities') needs and ways of using the
results of data compilations and analyses. Ouring the past year the

project team has undertaken a number of special assignments, the
performance of which aided in their achieving one or more of the preceding
subobjectives.

Eight of these special assignments have advanced to the point, even
when not as yet completed, that information of probable value to the
AAES/ALSS community has been obtained and at least partially aralyzed or
the planned analysis approach is well defined and actively being purused.
In several instances involving the latter stage, efforts are being made to
acquire and enter into the Analytical Division (ESA-31) computers new data
such as configuration changes data, more detailed ALSS equipments data for
mishap aircrew, more detailed mishzd sequence of events and transient and
permanent effects upon mishap aircrew data, and more complete AAES/ALSS
maintenance data.

Several efforts previously reported, especially that concerning The
Production of Aircrew Fatalities In Navy Ejection Seat Equipped Aircraft
are continuing, but either time for preparing a paper or progress in
developing and analyzing the data were insufficient to permit further
reportage at this time.

The reader will note that with the sole exception of the paper, U.S.
Navy Mishap Aircrew Anthropometry; 1 January 1969 through 31 December 1979,
the papers in this section pertain to mishap data acquired concerning
aircrew and their ALSS in AAES equipped aircraft. As reported earlier in
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this document, computerized MOR/FSR (Medical Officer's Report/Flight
Surgeon's Report) data extract tapes covering all aviation mishaps
occurring since 1 January 1969 have been received from the Naval Safety
Center, Norfolk. Progress has been made in analyzing the data format and
in entering data into the Analytical Division (ESA-31) computers and it is
anticipated that as resources permit some initial analyses will be
performed during the coming year with the priority likely to be concerning
helicopter mishaps.
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ANALYSIS OF THE REPORTED INCIDENTS OF WINDBLAST,
FLAIL, AND TUMBLE DURING EJECTION

G. Ronala Hera

ABSTRACT

Ejection seat designs have often included features aimeo at reducing
the incigence of windolast problems, flail ang tumble. A major question
has been and remains: How successful have these features been in reoucing
the incigence of these ungesirable phenomena? This paper presents an
analysis of tne response rate for each of the phenomena. The evigence on
flail, tumble ana windblast problems were developea from the medical
officers' assessments presenteg in their reports. Knowleoge of the speeg
at ejection ano the percent of the ejectees experiencing the phenomenon
allows the threshold speeds for experiencing eacn of these phenomena to De
established for each type of seat. The tnreshola speeds at whicn the
phenomena occur among ejectees were determined ang comparisons made among
seat designs. The differences observed among seat designs are shown to De
consistent with the presence or absence of those gesign features that are
incorporated to reduce the impact of windblast, flail or tumble.
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SUMMARY

The data analysis allowed comparisons among seat types
with respect to the risk of flail, windblast problems and
tumble at various airspeeds. The tenth percentile, the
airspeed at which 10% of the surviving ejectees experience
the phenomenon, have been determined for the various seat
types. The seat types were combined if there were no
difference between the projected median values of the types.
The higher the airspeed for a given percent of respondants
indicates less sensitivity of the seat and surviving
e jectees to the phenomenon of windblast, flail or tumble,

Designs aimed at reducing the incidence of windblast
problems, flail and tumble have been and can be successful.
The differences in susceptability to windblast, flail and/or
tumble among ejection seats can be shown by comparing the
expected 10th percentile airspeed for the various seat
designs. The 10th percentile value of airspeed is that
airspeed at which only one ejectee in ten is expected to
experience a response (windblast problems, flail or tumble).
The higher the expected 10th percentile value the more
resistant the ejectee-seat combination is to the phenomenon.
Since most ejections occur at airspeeds below 300 knots
suppose there exists a requirement that the ejectee-seat
shall experience windblast problem, flail or tumble
phenomena not more frequently than one time in ten
e jections, The Martin-Baker seat designs will satisfy such
a requirement for flail and tumble but not for windblast.
The ESCAPAC seat designs will not satisfy such a requirement
for any of the response phenomena. A summary of the
response situation for each phenomenon is presented in the
following paragraphs.,

For the windblast response reported for the surviving
e jectees there was no difference between the ESCAPAC seats
with both Group I and Group II (definitions in table 3, page
5) having about the same median response. Also, there was
no difference between the Martin-Baker seats with both Group
III and Group IV having about the same expected median. The
ESCAPAC seats appear to be slightly more sensitive to
windblast than do the Martin-Baker seats at the higher
speeds while the differences are not so noticable at the
lower speeds. The expected median airspeed and the expected
ten percentile value of alrspeed are presented in the Table
S-1 to show the difference in sensitivity to windblast for
ejectees employing the various seat types.

1-223
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Table S-1. The airspeed-at-ejection for which a
percentage of the surviving ejectees reported windblast.

Design 10% Percentile 0% Percentile
‘ Expected xpected 0% Confidence
Band
Group I & II 257 knots 397 knotJﬁ 379414
Group III & IV 263 452 434471

For the flall response reported for the surviving
ejectees there was a difference in speeds at which the
ejectees in ESCAPAC Group I and Group II designs experienced
flail. There was no difference between the Martin-Baker
Group III and Group IV desifns with respect to the airspeeds
at which the ejectees experienced flail. The median
airspeed and the expected 10-percentile airspeed are
presented in Table S-2 to show the difference in sensitivity
to flail for surviving ejectees employing the various seat
types.

Table S-2, The alirspeed-at-ejection for which a
percentage of the surviving ejectees reported flail,

Pesign lng%;:g%:gile Expecgfapegginggi%fdence ‘
Band
Group I 220 453 424-483
Group 11 254 5358 Ls7-613
Group III & I 333 494 460-528

For the Tumble response reported for the ejectees there
was no difference in speeds at which the ejectees in Group I
and Group Il designs experienced tumble. There was no
discernable difference between Group III and Group 1V
designs with respect to the airspeeds at which the surviving
ejectees experienced tumble., Ejectees in Group III & IV
designs were much less sensitive to tumble than were
ejectees in the Group I & II seat designs. The median
airspeed and the expected 10-percentile airspeed are
presented in table S-3 to show the difference in sensitivity
to tumble for ejectees employing the various seat types.
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Table S-3. The airspeed-at-ejection for which a given
percentage of the surviving ejectees reported tumble.

Design 10% Percentile 50% Percentile
Expected Expected | 90% Conlidence
Band
Group I & II 170 711 651-771
Group III & IV S 985 917-1053 ‘

A word of caution, however, is necessary concerning
these data and the resulting analyses. First, the data
require the survivors, witnesses, and/or the medical
officers to determine and report the presence of these
phenomena. The survivor might have been dazed or
unconscious and there might have been no witness. Second,
some of these phenomena, such as tumble, can be perceived
without actually occuring., Third, flail, per se,
unaccompanied by flail-induced injury, is of interest to the
Navy and may reflect a problem without actually producing a
sufficiently serious sensation to cause reporting. Fourth,
particularly, with respect to windblast problems, some of
the phenomena are reported as a consequence of the medical
officer's expectatioh and training without evidence of the
problem. Nonetheless, it was decided to examine these data
because those factors, tending to reduce the validity of the
data, are nearly equally represented among all systems
throughout the range of useage conditions.
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ANALYSIS OF THE REPORTED INCIDENCE
OF
TUMBLE, FLAIL AND WINDBLAST BY EJECTEES.

Aircrew Automated Escape Systems (AAES) are intended to
provide a means of escape for the aircrew from a disabled
aircraft. Many contemporary escape systems are capable of
providing survivable ejection from a variety of flight
profiles such as profiles that range from an aircraft parked
on the ramp to one flying at high speed and high altitude.
Escape systems at present are typically rocket wowered seats
with subsystems that provide (1¥pstabilizatior * the
e jected seat and pilot, (2) positive seat-man paration,
and (3) a fully inflated parachute after eject 1 from the
aircraft.

The Navy is interested in using informatic . +wcerning
the usage of existing in-service equipments t¢ - .vide
guidance in reducing the risk of injury to ejeccvees. This
guidance may take the form of changes in operational
doctrine for existing systems, changes in current system
designs, or improvements in the specifications for future
systems., Although other problems frequently overshadow the
flail, tumble and windblast-caused injuries these problems
are still important to the Navy, especially since such
injuries can degrade an ejectee's ability to perform tasks
necessary for his survival and/or ability to avoid capture.

During the ejection process an ejectee will, on
occasion, experience flail, tumble and/or windblast problems
phenomena., It has generally been accepted in the AAES
comnunity that the magnitude of the forces and the rapid
changes in the force vectors during the ejection sequence
are the causes of these flail, windblast and tumble
incidents. Furthermore, it is expected that a major portion
of these forces will be a function of the aircraft speed at
the time of ejection. However, there is little common
agreement as to the speed at which these phenomena cease to
exist or are virtually free of risk of injury. If aircraft
veloclity at ejection is the dominant cause, then the
incidence of flail, tumble and/or windblast phenomena would
differ for the different aircraft speeds. Also, since some
ejection seat types are designed to 1limit or control flail
or tumble during the ejection, it could be expected that,
other things being equal, these seat types should exhibit
lower incidence rates than those not so designed.




It may be that, for flail phenomena occuring in
unstablized seats, the centrifugal forces are dominant in
the low speed region while wind forces are dominant in the
higher speed range. At very low ejection airspeeds the
aerodynamic stabilizing forces are low, often permitting the
ejection seats to tumble. At zero alrcraft speed the
centrifugal forces from the tumbling of the seat are
dominant since there are no significant wind forces due to
aircraft speed. However, at some aircraft speed the wind
forces become dominant. The speed at which wind forces
become dominant cannot be determined precisely but in
general wind forces should be dominant at speeds above 100
knots. Between 0 and 100 knots the forces would entail a mix
of centrifugal and wind forces with the centrifugal forces
dominant near zero speed while wind forces become more
dominant as the speed increases above zero.

TYPES OF SEATS AND MANUFACTURERS.

There are four major manufacturers of the escape systems,
currently or recently, used in Navy alrcraft, and the types
of seats for each manufacturer are identified in Table 1 by
Navy model identification.

Table 1. The manufacturer and Models of the principle Escape
Systems in the Navy Inventory.(1969 - 1979)

Manufacturer Models

Douglas ESCAPAC 1, 1A-1, 1C-2, 1C-3, lE-1
1F-3, 1G-2, 1G-3.

Martin-Baker Mk H5. H7, A5. A7, F5v F?I LS. 250 GRUS-
GRUEAS, GRU?, GRUEA7.

North American|[HS~-1, HS~1A, LS-1, LS-1A, LW-3B

Stencel SEU-3/A (SIIIS-3AV8)

The escape system is designed to be an integral part of
the aircraft in which it is installed. Therefore, as a
consequence of cockpit geometry and other factors no exact
design duplication occurs between ejection seats installed
in different aircraft models, although the same generic
design may be employed. A new designation is made for each
escape seat type/aircraft installation. A complete list of
the ejection seats and the aircraft in which they are
installed is presented in Table 2.
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Table 2.
Systems and the Navy Aircraft in Which They Are Installed

The Ejection Seat Type Alrcrew Automated Escape

Escape System

Alrcraft

MARTIN-BAKER
MARTIN-BAKER
MARTIN-BAKER
MARTIN-BAKER
MARTIN-BAKER
MART IN-BAKER
MARTIN-BAKER
MARTIN-BAKER
MARTIN~BAKER
MARTIN-BAKER
MART IN-BAKER
MART IN-BAKER

MARTIN-BAKER

2 RARRAARRRERR

A5

F5

H5

L5

Z5
GRU 5
GRUEA 5
J5

M5
N5

P5

X5

Z5

TF-9J (F9F-8T)

F-8 Series (F8U Series)

F-4 Series (F4H Series

T-IA (T2V-1)

AF-9J (F9F-8B)

A-6 Series (A2F Series)

EA-6B

ov-1

F-3 Series (F3H Series)

AF-1E (FJ-4B)

F-6A (F4D-1)

F-11 (F11F-1) Later Redesignated
MK 25 for RF-9J (F9F-P)

AF-9J (F9F-8B)

ESCAPAC 1
ESCAPAC 1A-1

A-4 Series (A4D Series)
A-4 Series (A4D Series)

ESCAPAC 1C-2 A-7 Series
ESCAPAC 1C-3 A-4 Series (A4D Series)
USAF F-5E F-5E

NAMC CATAPULT

Various Aircraft

NORTH AMERICAN HS-1
NORTH AMERICAN HS-1A
NORTH AMERICAN LS-1'1A

A-5 Series (A3J Series)
A-5 Series (A3J Series)
T-2 Series (T2J Series)

NORTH AMERICAN LW-3B ov-10
NORTH AMERICAN LS:lA T-2 Series
MARTIN-BAKER MK A7 TF-9J
MARTIN-BAKER MK F7 F-8 Series
MARTIN-BAKER MK H7 F-4 Series
MARTIN-BAKER MK GRU7 A-6 Series
MARTIN-BAKER MK GRU7A F-14 Series
MARTIN-BAKER MK GRUEA? EA-6B
MARTIN-BAKER H-9 AV-8A
ESCAPAC 1E-1 S-3 Series
ESCAPAC 1F-3 A-4/TA-4 Series
ESCAPAC 1G-2 A-7 Series

ESCAPAC 1G-3
ESCAPAC 1G-4
ESCAPAC 1G-5

A-4/TA-4 Series

TA-7 Series-Forward Seat

TA-7 Series-Aft Seat (Same as
ESCAPAC 1G-2)

STENCEL SEU-3/A (SIIIS-3)

AV-8A
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There is limited experience on the Stencel and North
American escape systems; in the first case because of the
small number of aircraft in which the seats are installed
and in the latter case because of the variations in design
and the limited utilization of the escape system. This lack
of ejection experience with these two manufacturers' seats
restricts this study to the two other manufacturers' seats,
namely Douglas and Martin-Baker. The Douglas and
Martin-Baker seat types each can also be grouped by some
common design characteristics that reflect the evolutionary
aspect of the design of escape systems, Table 3 partitions
the Douglas and Martin-Baker seats by these characteristics.

There is no reason to expect the response phenomena
(flail, tumble, windblast) to be the same at any given speed
or that they will be the same for any two seat designs.
Differences due to these phenomena might be expected among
the ESCAPAC design groups since the man-seat separation
occurs later in the sequence for the early designs (Group I)
than for the later designs (Group II), and the differences
in type, magnitude, rate of onset, and location of the
forces used to separate man from seat. Hence, for a given
ejection speed, the man-seat separation initiation speed
will be lower and possibly less violent for the early
designs.

The Martin-Baker seats employ leg restraints to reduce
flail of the legs during the ejection sequence while the
ESCAPAC designs do not. Thus, for a given ejection speed,
the incidence of flail might be different for the ESCAPAC
designs in comparison to the Martin-Baker designs. Such
differences will be more significant if leg flail is the
dominant contributor to flail incidents.

The ESCAPAC seats are not stablized, while the
Martin-Baker seats shortly after seat separation from the
guide rails are stabilized by drogues attached to the top of
the seat; therefore, differences between manufacturers might
be expected. Furthermore differences in tumble response
might be expected between the early and late designs of the
Martin-Baker seats due to differences in timing in the
drogue gun firing.

DATA AND ITS SOURCES.

The data on flail, tumble and windblast events were
developed from interviews with survivors/witnesses and/or
medical officer assessments of the causes of injuries as
reported in MORS/FSR's (Medical Officer's Reports/Flight
Surgeon's Reports). This study will be limited to examining
the incidence of flail, tumble and windblast phenomena among
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Tadle 3. Common Characteristics, Manuvfacturer, anéd
Design Bvolution for Belected Kacape Systems
Manufacturer g:;;:: Seats Common Characteristics
Martin-Baker | Early [MX § Beries Ballistic catapult, 1.00 second
Design | (BS, AS, GRU 8, |[érogue firing, § ft. stabiliser
GRUEA §) dzrogue, 1.75 sec. TRN shackle

Group I telease for parachute deploy-
aent before man-seat separation,
garter-type leg testraints.

late MK 7 Series Reduced charge ballistic cata-

Design | (B7, A7, GRD 7A, [pult with separate zocket

GRUEA 1) sustainer motor, 0.50 sec.

Group 1t Srogue firing, 3 ft. stabiliser
arogue, 2.00 sec. TRM shactkle
release for parachute éeployment
before man-seat separation,
garter-type leg restrainsts.

Douglas Barly | ESSAPACs I, IA-),| %o drogue, DART stabilized for

Design | 1C~2, 3C~3 initial travel, bladder-induced
man-seat separation before

Group 11} parachute deploysent, 8o leg
restraints

late ESCAPASS IF-3, No drogue, DART stadilised for

Design | 316-2, 1G-3 initial travel, zocket-induced
man-sest separation before

Group IV parschute deployment with faster

tining for all events, no leg

restrainte.
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surviving e jectees since the occurrence or non-occurence of
many non-injurious flail, tumble and/or windblast incidents
can only be ascertained through the survivors' statements.
Those survivors of ejections during the period from 1
January 1969 through 31 December 1979 are the source of the
basic data on incidents. Although flail injuries might be
recognizable in some fatalities, in many others, especially
unwitnessed e jections, determining flail, let alone tumble
and windblast, as an occurrence is very difficult if not
impossible.

There are limitations on the precision of the data.
Flail, tumble or windblast phenomena occurring in the
in-service environment can not be precisely defined or
measured as might be desired; nor, can these phenomena be
accurately replicated in test environments. The report of
an incident generally depends upon the ejectees being
conscious of the phenomena; and, there is probably a
threshold of senstivity for each individual and the
threshold may vary from ejectee to ejectee. In addition,
under certain conditions an individual may believe that
tumbling has been experienced when, in fact, no tumbling
occurred (i.e. effects of forces acting upon an individual's
otoliths)., Other sources of verification such as observers
are used when available. Regardless of these variations,
which should essentially impact all systems' in service
usage data equally, these data form the basic knowledge
about the experience of flail, tumble and windblast and it
is from these data that inferences will have to be drawn
about the population of seats and their operational
characteristics.

For each ejection incident there is, in general, data on
aircraft altitude, speed and attitude so that each incident
of flail, tumble or windblast can be associated with the
aircraft situation at ejection. A common perception,as
stated earlier, is that these incidents are high speed
ejection phenomena, so it would be expected that the
frequency of flail, tumble or windblast incidents will bve,
at least, a function of speed with the incidence increasing
with velocity. Furthermore, it is expected that for the
same speed there would be differences in the frequency of
occurrence and/or the severity of these phenomena between
types of seats. The data on the number of ejectees and the
number that reported incidents of flail, tumble or windblast
problems are presented by seat groupings according to the
speed at time of ejection. As one might expect, the
survivors interviewed had ejected at various aircraft
speeds. The speed at ejection had varied over a wide range
with only six interviewees for ejection speeds greater than
500 knots while most of the survivors had ejected at speeds
between 100 and 300 knots.
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METHOD OF ANALYSIS.

Since speed is fixed at the instant of each exposure to
the ejection risks, all responses are conditional upon those
fixed speeds. These data yield the percentage response to
risk as defined or measured by the speed at ejection. These
data, then, represent an example of a classical sensitivity
test for which several analytical techniques have been
developed. The specific technique selected for this
application is called Probit Analysis in the literature.

Assume that each e jectee-seat combination has an
associated critical level or threshold value of velocity for
experiencing flail, tumble and/or windblast phenomena. If
the velocity is equal to or greater than this critical
level, the ejectee will experience flail, tumble or
windblast upon ejection. Assume also that if the ejectee
does not experience an ejection velocity equal to or greater
than his threshold level, the ejectee will not experience
flail, tumble or windblast during the ejection incident.

For any particular ejectee, the exact critical level cannot
be determined. However, several ejectees may be subjected
to the same or about the same velocity at ejection and the
proportion responding or sensitive to that velocity can be
established. Inferences can then be made about the
distribution of the threshold levels in a population of
ejectees from which the sample came. The proportion
responding at each level of velocity represents that portion
of the population of ejectees that has a threshold at or
below the given level of velocity. Thus, if the velocity is
low, the percentage of the ejectees, whose threshold is
equal to or less than that given velocity level, will be
low. As the velocity level is increased, the proportion of
ejectees, whose sensitivity level or threshold value is
exceeded, will increase until at some velocity level it is
expected that all thresholds will be exceeded and the
proportion responding will be 100 percent.

The analytical procedures are based upon the threshold
concept discussed above and the assumption that these
threshold values vary among individuals according to a
Normal or Gaussian distribution. Thus, the percentage of
individuals who respond can be expressed as a function of
aircraft speed at the time of ejection. Conceptually, the
probability of surviving e jectees experiencing a response
(flail, tumdble or windblast problemsg phenomena at speeds
equal to or less than v can be expresﬁyd ast

Prob (response £ v) = 1 - exp -I(.f(x)/R(x)] dx

-0
where f(x) is the probability distribution of threshold
speeds
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among surviving e jectees and for the Normal or Gaussian
distribution (x-po

R(x) = (1//2n) exp -tz/2 dt

The transformation that converts the percentage response
into a standardized normal variate is the "probit" transform
and yields the following relation (including a linear shift
of 5 units to eliminate negative values during
calculations):

Z'+5=(X'P)/o—

and where Zp is the value of the standard normal variate
that corresponds to the percent responding, x is the
airspeed at time of ejection, and p and ¢ are the parameters
of the normal distribution of threshold values. The method
of weighted least squares is used to determine the values
for p and o.

In conducting the probit analysis on these data the
following assumptions have been made:

(1) The expected proportion responding will be greater
for the higher speed.

(2) The distribution of ejectee sensitivity or
threshold values are normally distributed.

(3) For each interval of speed a single point is
representative of that interval.

The method of probit analysis is one of several generalized
least squares methods that could be considered.

ANALYTICAL RESULTS.

The data from the reports concerning ejectees have been
compiled for each phenomenon - windblast, flall and tumble.
These data have been analyzed to obtain some descriptive
characteristics of each phenomenon. The number of surviving
ejectees reported upon, the number of ejectees reported to
have experienced the phenomenon, and the alrspeed at the
time of ejection form the basis of the analysis discussed
herein. The comparative analysis will conslist of comparison
of the differences in the expected median airspeed at the
time of the ejection. The median airspeed is that airspeed
at which 50% of the ejectees would be expected to experience
the particular phenomenon (windblast problem, flail or
tumble). If differences in the median airspeed values
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between designs are too great to be attributed to chance,
then it will be concluded that the response is different for
the designs.

Windblast

The data on windblast incidents among ejectees is
presented in Table 4 for each of the four groups of seats
defined earlier. The data is grouped into airspeed
intervals of 50 knots. The number of ejectees experiencing
windblast problems and the number of ejectees reported on
are shown for each airspeed interval.

A comparison of the ESCAPAC early design (group I) with
the later design (group II) was made employing probit
analysis. Probit analysis was discussed in a previous
section and the worksheets on the calculations are given in
the appendix. The projected median airspeed on reported
incidents of windblast problems was 393 knots for group I
and 375 knots for group II1. This difference is not
significantly different bvetween the two design groups, i.e.
the difference is so small that it could be due to random
sampling fluctuations. Combining the two samples yields the
data presented as figure 1 where the expected percent of
response is shown for the various airspeeds and superimposed
as a straight line representing the best fit to the data
points. The fitted line is a generalization of the observed
response-airspeed relationship and can be used to assess the
differences among seats. For not more than a one-in-ten
response rate, based upon the generalized relationship, the
airspeed at ejection would have to be equal to or less than
257 knots.

A comparison of the Martin-Baker early design (Group
III) with their later design (Group IV) indicates that the
two designs groups are not significantly different with
respect to the windblast problem incidence. The percent
response for Group III & IV is plotted against airspeed in
figure 2. The best linear relation between the percent
(probit) and airspeed has been superimposed on the figure
for visual presentation. The expected one-in-ten response
frequency would require that the airspeed at ejection to be
equal to or less than 263 knots for this design group.

Thus, the ESCAPAC designs (Group I & II) and the
Martin-Baker designs (Group III & IV) appear to be
dissimilar in the frequency of windblast problems
experienced by ejectees. The ejectees from aircraft
employing the Martin-Baker designs (Group III & IV) appears
to be a little less susceptible to windblast at the higher
speeds while the differences are not so noticable at the
lower speeds. These differences are shown in table 5.
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Table 5. The airspeed-at-ejection for which a
percentage of the surviving ejectees experience
windblast problems.

Design 10th Percentile 50th Percentile
Expected Expected |90% Confidence
Band

ESCAPAC

Group I&II 257 397 379-4 14
Martin-Baker

Group III&IV 263 Ls2 434471

Flail

The data on the frequency with which ejectees
experience flail during their ejection is presented in Table
6. The data presents the airspeed at time of e jection in 50
knot intervals and the number of ejectees along with the
number of e jectees that reported flail for each interval.

The ESCAPAC seats differed between the early (Group I)
and later designs (Group II) in the frequency of the
incidence of flail. The ejectees using the early designs
(Group I) reported flail at lower speeds than did the
ejectees using the later designs (Group II). The data for
group I are plotted in figure 4 along with the best linear
fit to the observed points. The expected 10th percentile
(10 % of the ejectees would be expected to experience flail)
for this group is 220 knots. The data for group II are
shown graphically in figure 5 with the best linear fit
superimposed on the chart. The expected 10th percentile for
this group is 254 knots,

The Martin-Baker seats did not show a difference in
flail incidence between their early or later designs. The
ejectees using the early designs and the ejectees using the
later designs reported the incidence of flail equally at
various speeds. The percent response data are shown in
figure 6 with the best linear relationship between response
and airspeed superimposed on the graph. The expected 10th
percentile for these combined groups is 333 knots.

The ejectees reported flail at lower speeds for the
ESCAPAC early designs than did the ejectees for the later

ESCAPAC designs or the Martin-Baker designs. These
differences are surmmarized in table 7.
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Table 7. The airspeed-at-ejection for which a
percentage of the surviving ejectees reported

flail.
Design 10th Percentile _50th Percentile
Expected rxpected |90% Confildence

Bangd

ESCAPAC

Group I 220 453 L24-483

Group 11 254 535 457-613

Martin-Baker

Group III & IV 333 531 L60-528

Turble

The data on the frequency with which ejectees reported
tumble during their ejection is presented in Table 8. The
number of surviving ejectees is presented by airspeed
interval along with the number that reported tumble.

A comparison between the early and later ESCAPAC
designs indicates about the same incidence rate for tumble.
The paucity of the reported incidents of tumble makes it
difficult to draw firm conclusions for each group
individually. The combined data for the two design groups
is presented in figure 7 and the linear relationship between
response percentage and airspeed is described by the
superimposed least-squares line. The expected 10th
percentile value for the ESCAPAC designs is 170 knots.

The incident rate of tumble reported by ejectees was
not different for the two Martin-Baker design groups. The
small number of survivors for ejections at airspeeds greater
than 250 knots, during the period studied, does not allow
reliable estimates of the percentage response for group III,
The data on Group III & IV combined are presented in Figure
8 and shows the observed percentages and the least-squares
fitted linear relationship between airspeed and percentage
response (probits). The Group III & IV seats are different
from the ESCAPACS with respect to tumble during ejection.
The expected 10th percentile for Group III & IV designs is
344 knots.
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' Table 9. The airspeed-at-ejection for which a given
percentage of the ejectees reported tumble.

l Design 10th Percentile 50th Percentile
Expected Expected |90% Confidence
) Band
{ ~ESCAPAC
| Group I & Il 170 711 651-771
Martin-Baker
Group III & IV 344 985 917-1053

Design Considerations

Comparisons among the median threshold speeds, i.e. the

speeds at which 50% of the ejectees will experience a
response, were discussed earlier and the median criterion
was used to determine differences among the design groups
for each response phenomenon. It is worthwhile to consider
the impact of the differences among designs if all ejections
occurred at a single sreed of, say, 250 knots. Table 10

‘ presents the expected percent response, the 90% confidence

! band for the expected percent, and the 90% confidence band
for the individual sample percent for each response

i phenomenon for ejections occurring at 250 knots airspeed
] based upon the experience represented by the data presented
earlier.

Table 10. The expected percent at 250 knots airspeed and
90% confidence bands for the expected percent for the
various response phenomena and design groups.

: Response Design Expected 90% Confidence

, Phenomena Group Percent Bands for the

i Response at Expected

‘ 250 knots Percent
Windblast Group I&II 9.0 6.0-15,0

% Group III&IV 8.5 3.2-18.9
Flail Group I 13.3 6.9-28.8

l Group III&IV 2.6 0.2-13.5
Tumble Group I&II 13.6 7.7=22.2

’ Group III&IV 7.1 2.9-14.,6

[

{
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Conclusions

Designs aimed at reducing the incidence of windblast
problems, flail and tumble have been and can be successful.
The differences in susceptability to windblast, flail and/or
tumble among e jection seats have been shown by comparing
the expected 10th and 50th percentiles airspeed for the
various seat designs. The P-th percentile value of airspeed
is that airspeed at which only P percent of the ejectees are
expected to experience a response (windblast problems, flail
or tumble). The higher the expected P-th percentile value
the more resistant the ejectee-seat combination is to the
phenomenon.

For the windblast response reported for the surviving
e jectees there was no difference between the ESCAPAC seats
with both Group I and Group II having about the same median
response. Also, there was no difference between the
Martin-Baker seats with both Group III and Group IV having
about the same expected median. The ESCAPAC seats appear to
be slightly more sensitive to windblast at the higher speeds
while the differences are not so noticable at the lower
speeds.

For the flail response reported for the surviving
e jectees there was a difference in speeds at which the
ejectees in ESCAPAC Group I and Group II designs experienced
flail. There was no difference between the Martin-Baker
Group III and Group IV designs with respect to the airspeeds
at which the e jectees experienced flail.

For the Tumble response reported for the ejectees there
was no difference in speeds at which the ejectees in Group I
and Group II designs experienced tumble. There was no
discernable difference between Group III and Group IV
designs with respect to the airspeeds at which the surviving
ejectees experienced tumble. Ejectees in Group III & IV
designs were much less sensitive to tumble than were
ejectees in the Group I & II seat designs.
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APPENDICES

Appendix A. Exact Probit Solutions

Appendix B. Goodness of fit Tests
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APPENDIX A

work Sheets for
the exact solution to
the various probit analyses
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Probit Analysis

The exact probit solution entails an iterative
procedure. An expected value is established for the
line representing the percentage response given a
speed. Using the expected value of Y one can determine
from tables the weights(developed from the normal
distribution) for each interval and the the working
probit, y, The working probit is determined from the
observed percentage and the expected probit for each
interval. The weighted solution for y as a function
of speed yields a new line which forms the expected values
for the next iteration, if required. After a few iterations
the expected values will not differ from the expected
values of the previous iteration. At that time you have
what we have called the exact solution. The final
iterations for each analysis are shown in the following
tables.
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Probit Solution For Windblast Responses
Ejection Seat : Group I
Number Of

Speed At Ejectees Proportion
Ejection Reporting Responding

X N P Y w y
150 57 .018 2.75 084 2,936
200 67 0 3.20 .180 2,745
250 89 .090 3,60 .302 3.662
300 32 .156 L,10 471 3,995
350 18 «333 L,60 601 L.569
Loo 9 Lauh 5,00 637 4,860
k50 2 . 500 5,50 .581 L.956
500 5 1.000 6.00 A39 6,656
550 2 1.000 6.40 . 302 6.939
ZNUX = 22,403.4 .

y =9+ blx-%) = 3.8 +.0101(x - 282.419)
Ny = 307.652 -
2 $ =%+ (5-%) /b= 393.409
INUX = 6,835,735 - -1/2
c = o(INW) = 11.077

< NwXy= 92,046,321

Sxy = SNWXy - (INWX)(ZNWy)/ZNW = 5141,129
2 2

Sxx = ZINUX - (EZNWX) /ENW = 507,247.652

% = sxy / Sxx = .0101

~

-1
c =9 =98,674
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4.788
12.060
26.878
15.072
10.818
5.733
1.162
2.195
.60k
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Probit Solution For Windblast Responses
Ejection Seat : Group II
Number Of

Speed At Ejectees Proportion
Ejection Reporting Responding
X N P

Y W y NV

150 16 .063 3.1 .154 3.623  2.464
200 18 111 3.6 .302 3.802  5.436
250 19 .158 4.2  .502 L.014  9.557
300 5 .200 4.7  .616 4.223  3.080
350 6 0 5.2 .627 3.719  3.762
400 5 .600 5.7 .532 5.194  2.660
450 1 1,000 6.2  .370 6.793 .370
500 2 1,000 6.7 .208 7.174 416

27.745
3NWX = 7,525.25 .
SNey = 114,268 = § + Bx -~ %) = 4.12+,00593(x - 271.229)

§
$=%+(5-3) /b= 375.108
5 A '1/2

8; = GKZNW) = 31.99

X

SNWXy= 32,011.547

2
SNWX = 2,212,762,

Sxy = INUXy - (INWX)(ZNWy)/ENW = 1,018,746
2 2

SNWX - (INWX) /ENW = 171,696,089

b = Sxy / Sxx = .00593

" -

-1
= b = 168.54

(72

»

»
[}
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Probit Solution For Windblast Responses

Ejection Seat : Group III

Number OFf

Speed At Ejectees
Ejection Reporting Responding
X N

150
200
250
300
350
400
Lso
500

ENX =

ZWLY = 167,319
X
zmzx = 3,651,230,
o-

ZNWXys=

31
22
26

19
9
4
3
3
11,699.8
y

h9,83?.85o

Proportion

. 065
LOU5
. 077
000
333
250
. 000

1.000

Y W

3.1 .154
3.5  .269
3.8  .370
4,2 503
L,s .58,
L,9 634
5.2 .627
5.6 . 558

y

3.65
3.33
3.60

3.47

L,s7
4,37
3.72
6.42

NV
U774
5.918
9.620
9.557

5.229

2.536

1.881

1,674

154,093

¥+ Dlx-%) =04,062 +.007(x - 284.052)
X

+(5—7})/b=l418 +300
= c(zNw)

= 14,98

Sxy = zwa;z; - (zNWX%(ZNWy)/}.'Nw = 2,310.626
Sxx = INWX - (ENWX) /SNW =
D = Sxy / Sxx = ,00704

A
d’:

1
= 96.15

327,833.47
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Probit Solution For Windblast Responses
Ejection Seat : Group IV
Number Of

Speed At Ejectees Proportion
Ejection Reporting Responding
X N P

Y 1} y NW
150 105 0 3.0 .131  2.579 13.755
200 112 . 027 3.3  .208 3.113 23.296
250 79 .101 3.6 .302 3.735 23.858
300 47 . 149 3.9 .405 3.961 19.035
350 50 .200 4,2 .503 4.159 25.150
400 16 .125 4,6 601 4,004 9,616
450 10 .800 4,9 .63k 5.756 6.340
500 11 L5535 5.3 616 4,873  6.776
550 1 1.000 5.6 .558 6,423 .558
128,384
ZNUX = 37,594.25
=y + b(x - X) = 3,81 +,0088(x - 292.827)
ZNWy2= +88,70 )

T+ (5-~F) /b =420.713
1/2

~

y

X
TNUX =12,211,682.5 -
& = &(svw) " = 10.09

X

S NWXy= 153,627.55

Sxy = INWXy - (ENWX)(Z:Wy)/ENW = 10,523,191
2 2
Sxx = ZNWX - (ZNWX) /INW = 1,203,085.'6
= Sxy / Sxx = ,00875
-1

A
b
6&=% = 114,327
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Probit Solution For Windblast Responses

Ejection Seat : Group I & II

Number Of
Speed At Ejectees Proportion
Ejection Reporting Responding

X N P Y W
157 73 .027 2.8  .,092
200 85 . 024 3.2 .180
250 108 .102 3.7 .336
300 37 162 L,1 a7
350 24 .250 L,6  .601
Loo 14 500 5.0  .637
Ls0 3 667 5.5 .581
500 7 1.000 5.9  .471

550 2 1.000 6.3 <336

ZNUX = 29,785.55

ZNuy = 416,357
2

X+ (5-3)/% = 396.5
1/2

ZINWX = 9,173,847, -
¢ (ENW) = 10.7

I X O

ZNWXy= 124,785.9

Sxy = INWXy - (ZNWX)(ZNWy)/ENW = 6,434,779
2 2
Sxx = ZNWX - (INWX) /ENW = 707,187,302

Sxy / Sxx = ,00915
-1

~

b = 109.3

oy o’
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3.17
3.05
373
4,02
4.3
5.00
5.43
6.59
6.86

NV
6.716
15.300
36.288
17,427
14,424
8.918
1.743
3.297
672

104,785

¥+ b(x-%) = 3,97+.00915(x - 284,254)

d

— =




Probit Solution For Windblast Responses

Ejection Seat : Group III & IV

Number Of
Speed At Ejectees Proportion
Ejection Reporting Responding
X N P

150 136 .022
200 134 022
250 105 .105
300 66 .091
350 59 .186
40O 20 350
L350 13 615
500 14 . 500
550 1 1,000
SnuX = 49,182.4
3 =

SNy 658,551
2 ~

X

SKWVX = 15,913,472

6 = 6(ENW)
X

SKNy= 203,084.97

Sxy = INWXy - (ENWX)(ENWy)/&NW =
2 2

Y
2.98
3.31
3.64
3.97
4,30
4,63
4,96
5.29
5.62

11.40

10,222,765

Sxx = ZNWX - (ENWX) /ENW = 1,510,007.24

D = sxy / Sxx = .00677
A I\-l
=% = 7.7
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]
127
211
.316
429
«532
604
636
.615

y
2.73
3.24
3.80
4.23
4.10
4,31
5.80
L.84

NW
17.272
28.274
33.180
28,314
31,388
12.080

8.268
8.616

"
™
+
~~
wn
'
«<
N~
~
o)
"
=~
9,1
N
=

T +D(x - %) = 3.92 +0.00677(x ~292.86)




Probit Solution For Flail Responses
Ejection Seat : Group I
Number Of

Speed At Ejectees Proportion
Ejection Reporting Responding
X N P

Y W y NV

150 57 +053 3.4 .238 3.384 13.566
200 €7 » 090 3.6 «302 3,662 20.234
250 89 124 3.8 «370 3.846 32.930
300 32 .188 4.1 471 L.115 15.072
350 18 «333 L.3 0 .532 4,592 9.576
Loo 9 222 4,5 «581 4,254 5.229
450 2 0 4,7 616 3,698 1.232
500 5 +800 4.9 634 5,756 3.170
550 2 1,000 5.1 634 6,259 1.268

102.277

INVX = 27,115,8

Ny = 405,630
2

ZNWX = 7,964,450

Y=y +b(x - %) = 3.97+.00549(x - 265.121)

X=%+ (5 zlyg /b = 453,463

o_ = 6(INW) = 18,011 {
ZNWXy= 111.800.73bx '

Sxy = ZNWXy - (INWX)(EINWy)/ENW = 4,259,626
2 2

Sxx = ZNWX - (ZNWX) /INV = 775,476,823

b = Sxy / Sxx - .00549

|

~N

a-1
¢ =b = 182,149
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Probit Solution For Flail Responses
Ejection Seat : Group II
Number Of

Speed At Ejectees Proportion
Ejection Reporting Responding

s st

X N P Y W y NV
150 16 063 3.23 ,188 3.54 3.008
200 18 056 3.6 257 3.41 4,626
250 19 105 3.69 .333  3.75 6.327
300 5 .000 3.93 U415 3.30 2,075
350 1 . 000 L,15 ,u487 EILY 0.487
400 5 .200 4,39 .555% 4,18 2.775
450 1 1,000 4,61 ,603 6.38 0,603
500 2 .500 4,85 ,631 5.00 1,262
21.163
EEX = 5,763.43 =5 +D(x~%) = 3.800 +.00457(x - 272.3)
SNty = 80.411 a
zm-nc2= 1.776.1723.5; -i,: 5 --1% /B =53
%% = O(ENW) = 47.5

SMXy= 22,843.6

Sxy = zwxz - (znwx% (INWy)/ NW = 944,36
Sxx = FNUX - (INWX) /ENW =  206,576.70
Sxy / Sxx = ,00457

-1
% = 218.5

oy o>
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150
200
250
300

350
Loo

450
500

SNUX = 6,460,
SNy = 69.483
2

ZNWX = 2,252,907,

Z NWXy= 23,592.25

Probit Solution For Flail Responses

31
22
2€

19

w w0

55

Ejection Seat : Group III

Number Of
Speed At Ejectees
Ejection Reporting Responding
X N P

Xy <>
I

Proportion

Y

0 2,42
«O0L5 2.75

0 3.08

0 3.41
111 3.74
+250 4,07

0 4.,4o
667 4,73

" <y

= ‘&(zNw)-

+ B(x - %) = 3.44+,00735(x - 319.734)

W
0LO
. 084
154
.238
353
471
.558
619

y
2.06

3.68
2,66
2.91
3.78
L.35
3.58
5.45

+(5-9) /% = 532.115
1/2

= 30,267

Sxy = ZNWXy - (ENWX)(ENWy)/ZNV = 1,376.156
2 2
Sxx = ZNWX - (ZNWX) /ENW = 187,248,473

b = Sxy / Sxx = .00735

L)

a1
6=Db = 136,054
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NW
1,240
1.848
4.oou
L,522
3.177
1.884
1,674
1,857

20.206

£ XY SV

i s e e,
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Probit Solution For Flail Responses
, Ejection Seat : Group IV
Number Of

Speed At Ejectees Proportion
Ejection Reporting Responding
X N P

Y W y NV
150 29 .034 2,60 . 062 3.75 1.798
200 15 0 3.22 .186 2,76 2.790
250 19 0 3.84 «384 3.24 7.296
300 6 0 L.,u6 572 3.60 3.432
350 6 0 5.08 .635 3.75 3.810
‘ L00 5 2400 5.70 +532 4,55 2.660
: L50 5 600 6.32 « 329 4,53 1.645
! 500 1 1,000 6.94  .145 7,34 L1453

; 23.576

ENUX = 6,891.55
TNWy = 85,34L

2
TNUX = 2,178,622,

+B(x - %) = 3.62+.00578(x - 292.312)

+(5-3)/% = 531,066
R -1/2
6(ZNW) = 35,632

" "
X <l

>“0pnkl <>

Z NWYy= 25,895.1

Sxy =X NWXy - (ENWX)(ENWy)/ENW = 948,016
Sxx = zwaz_ (thx)z/ZNw = 164,139,068
Sxy / Sxx = .00578

L)

b = 173.01

o> o?
]

g [‘ 1-263




Problt Solution For Flail Responses

Ejection Seat : Group III & IV

Number OF
Speed At Ejectees Proportion
Ejection Reporting Responding
X N

P Y W
150 60 .017 2.23 .026
200 37 .027 2.68  ,073
250 45 0 3.13  .162
300 25 0 3.58  .295
350 15 . 067 L.03  .449
400 9 333 L.ug  ,576
450 8 . 375 b.93  .635
500 b 750 5.36  .607

ENUX = 12,742,05
INVy = 142,55

2
SNVX = 4,552,692,

% + (5 -192{ /% = 493.89
= G6(INV) = 20,34

x)qM "y <D

2 NWXy= 49,892.5

Sxy = ZINWXy -~ (INWX)(ZNWy)/INV = 2,546,737
Sxx = znwxz- (zwa)z/ZNw<= 320,719,147

% = Sxy / Sxx = ,00794

~ A

6=Db = 125,93
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3.870
3.275
2.687
3.045
3.621
L.570
4,685
5.651

NW

1.56 |
2.70

.29 |
7.38 ‘
6.74

5.18

5.08

2.43

—

38.35

§+B(x - %) = 3.716 +.00794(x - 332.2)

e e et e o



Probit Solution For Tumble Responses

Ejection Seat &« Group I

Number Of

Speed At Ejectees

150
200
250
300
350
400
450

INVX =

IRy =
2

INUX =

INUXy=

57
67
89
32
18
b4
2

26,345.35

L12.53

7.025.787.g
X

®Y >

103'5?1“.2

«)

>

«105
.105
112
.125
111
Jabb
«500

Proportion
Ejection Reporting Responding
X N P

Y
3.60
3.75
3.90
b.os
4,20
k.35
4,50

W
302
353
405
455
503
5k5
.581

y
3.76
3.75
3.79
3.87
3.85
4.95
6.04

NW
17.214
23.651
36.0L45
14,560

9.054

4,905

1.162

106.591

+ b(x - %) = 3.87+,00314(x - 247.163)

+(5-3)/%
1/2

= 30-847

= G(TNW)

607.036

Sxy = ENWXy - (INWX)(TINWy)/ENW = 1,612.053
2 2

Sxx = ZNWX - (ENWX) /ZNW =

A

= Sxy / Sxx = .00314

b
A A=l
=0

= 318.471
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Probit Solution For Tumble Responses
Ejection Seat : Group II
Number Of

Speed At Ejectees Proportion
Ejection Reporting Responding

X N P Y W y Nw
150 16 . 063 3.94  .405 3.567 €.480
200 18 111 L,02 .439 3.803 7.902
250 19 .368 4,10 471 4,791 8.949
300 5 .200 4,18 .497 4,159 2,485
350 6 0 4,26 .520 3.497 3.120
400 5 0 4,34 ,542 3,551 2,710
450 1 1.000 4,41 .588 6.579 .588

32,234

INWX = 7,975.75
Y

INuy = 130,778
2 %
SNUX = 2,179,712.5
&

7+ dlx - %) = 4,057+,00168(x - 247.43)
%+ (5 -ly% /b = 808.74
= @ENW) = 104.8

X
3 NWXy= 32,705.396

Sxy = ZNWXy - (ZNWX%(XNWy)/ZNW = 346,625
2
Sxx = EINWX - (ENWX) /ENW = 206,250,067

A

b = Sxy / Sxx = .,00168
a -1
6=% =595
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Probit Solution For Tumble Responses

Ejection Seat : Group III

Number Of
Speed At Ejectees Proportion
Ejection Reporting Responding
X N P Y W y N¥
150 16 . 063 3.95 424 3,57 6.784
200 18 111 L,03 .448 4,22 8.064
250 19 .368 L,11 74 4,79 9.006
300 5 200 4,19 .500 4,16 2.500
350 6 0 4,27 .524 3,53 3.144
L4oo 5 0 L,35 .545 3,58 2,725
L50 1 1.000 4.4 .567 6.58 . 567
32.790

ZNUX = 8,077.45 N

y=F%+b(x-X)=4,16+,00103(x - 246.339)
INUy = 136.373 a

2 X=X+ (5~-9%)/b=1,062.844

INUX = 2,199,032.5 . -1/2

= o(INW) = 169,732

X

INWXy= 33,809.25

Sxy = ZNWXy - (ENWX)(INWy)/ZNW = 215,286
Sxx = Zwaz- (zwa)z/:NW = 209,242,976
% = sxy / Sxx = .00103

5<% = 971.93
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Probit Solution For Tumble Responses

Ejection Seat 1 Group IV E
Number Of
Speed At Ejectees Proportion !
Ejection Reporting Responding :
X N P Y W y NV
150 105 . 048 3.51 .269 3.355 28,245
200 112 ML 3.62 .309 3.361 34.608 g
250 79 089 3.73  .346 3.654  27.33 |
300 L7 170 3.84  .384 4,083 16,356
350 50 .120 3.95 422 3.834  21.100
Loo 1€ .125 4,06 458 3.878 7.328
450 10 100 L,17 493 3.814 L4.930 ;
500 11 .182 4,28 «526 L4.108 5.786 ‘
145,687 l

INVX = 38,326.35 , - !
=35+ B(x - %) = 3.635+,00241(x - 263,07) f

SNWy = 529,626

2 X=X+ (5 - y) / % = 829.46

SNWX = 11,402,302,5 f
& = 5(zNW) = 34,40 :
X

INWXy= 142,508.8 ‘

Sxy = ZNWXy - (tNVX)(ENWy)/INU = 3,178.376

Sxx = zmzx - (ZNWX) /ZNw = 1,319,665.72 ‘

= Sxy / Sxx = .00241 ‘

N -1

6=9% =415.2 -

[TV
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Probit Solution For Tumble Responses

Ejection Seat : Group I & II

Number Of
Speed At Ejectees Proportion
Ejection Reporting Responding
X N P

Y W
150 73 . 096 3.7 .319
200 85 . 106 3.8 364
250 108 .157 3.9  .b405
300 37 .135 4,0 .bus
350 24 .083 4.1 LuBU
400 14 .286 L,3  ,520
450 3 667 b4  ,553

ZNUX = 33,279.7

ENWy = 526.285
> _

=NVX = 8,900,880,

"t <
"

%+ (5 -157%/%=711
= G(ENW) = 36.3

qu‘

INUXy= 131,400.6

Sxy = ZNWXy - (ENWX)(INWy)/ENW = 1650.29
Sxx = znwxz- (zwa)ZA:NW = 696,101.53
Sxy / Sxx = .00237

L)

b = 421.8

O o*
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y
3.70
3.75
4,00
3.90
3.73
L4y
5.59

NW
23.287
30.940
L3.740
16.465
11.616

7.280

1.622
134,987

¥+ b(x - %) = 3,899 +,00237(x - 246.5)
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Probit Solution For Tumble Responses
Ejection Seat : Group III & IV

Number Of
Speed At Ejectees Proportion
Ejection Reporting Responding
X N P Y w y NW
150 136 0Ly 3.3 .208 3.29 28.288
200 134 « 037 3.4 «238 3.24 31.892
250 105 067 3.5 .269 3.50 28.245
300 66 167 3.6 « 302 4,18 19,932
350 59 102 3.7 «336 3.73 19,824
400 20 .100 3.8 + 370 3.72 7.400
450 13 077 3.9 405 3.63 5.265
500 14 143 L.o 439 3.94 6.146
146,992
ZNUX = 39,003.1 .
Y=y +b(x - X) = 3,51 +,002(x - 265,342)
2NWy = 523.371 -
2 X=%+(5-§)/b=984,842 ;
2

ZNWX = 11,686,455, , -
c§ = 6(INW) = 41,24

ENWXy= 141,934,677

Sxy = TNWXy - (INWX)(ENWy)/ENW = 3,062.552
2 2

Sxx = ZNWX - (INWX) /ZNW = 1,337,308.04

"~

b = Sxy / Sxx = .00200
r Y “1

=% = 500

: . i . .
Y—— ar——— ) L

Sawnind

l‘ . |
T o ——— oty . -\
P
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Appendix B.

Goodness of Fit Tests
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Goodness of Fit Tests

To test whether the regression lines presented
in Figures 1 - 8 are adequate representations of the
observed percentage data a goodness of fit test was
employed. The test statistic in each situation was
obtained by measuring the deviations of the observed
number in each speed interval from the expected number
as follows:

2 & 2
ka-2= z (ry =~ n;P;:)

Y nlpi 1l - Pi)

If the calculated value of chi-square, X}, is equal to
or less than the 95-percentile value of the chi-square
distribution there is no reason to believe the line
does not adequately represent the percentage data.
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WINDBLAST
X n
150 73
200 85
250 108
300 37
350 24
L00 14
k50 3
500 7
550 2

Group

11

N NN 0N O

Goodness of Fit Tests

1a11
Y P
2.74 1.19
3.20 3.59
3.66 9.01
4,11 18,67
L.57 33. 36
5.03 51,20
5.49 68.79
5.94 82,64
6.40 91.92
1-274

nP
0.87
3.05
9.73
6.91
8.01
7.17
2,06
5.78
1.84

X

et
1.49
0.38
0.16
0.15
0.76
0.01
0.01
1,47
0.18

L,63

gl SEER eem—

= kel

—— et e e+«
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WINDBLAST

150
200
250
300
350
400
450
500
550

121
130
98
52
56
21
11
13

Goodness of Fit Tests

Group III & IV

r Y
1 2.96
5 3.29
11 3.63
11 3.96
10 4,29
5 4,62
9 L,96
7 5.29
1 5.62

2,03
4,34
8.53
14,92
22,90
35.20
48.40
61.40

73.23
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nP
2.46
5.64
8.36
7.76
12.82
7+39
5.32
7.98
0.73

r - nP

0.884
0.076
0.911
1,590
0.804
1.192
4,932
0.312
0.358

11.059




Goodness of Fit Tests

FLAIL Group __ I 0
b ¢ n r Y P nP i%?%T¥§% ]
150 57 3 3.33 4,75 2.71 0.03 l
200 €7 6 3.61 8.2 5,54 0.04
250 89 11 3.88 13.15 11.70 0.05 I
300 32 6 4,16 20.05 6.42 0.03 '
350 18 6 L,43 28,40 5.11 0.22
100 9 2 471 38.60  3.47 1,01 l
L50 2 0 4.98 49,20 0.98 1.93
500 5 4 5.26 60.25 3.01 0.82 i
550 2 2 5.53 70.20 1.40 0.86
2
xq= 4.99
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FLAIL
X n
150 16
200 18
250 19
300 5
350 é
400 5
450 1
500 2

Group

Goodness of Fit Tests

II

3.2b
3 44
3.64
3.84
4.0k
4,23
443
4,63

3.90
5.95
8.69
12.30
16.85
22.07
28.40

35.60
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0.28
0.71

r - nP
nP(1l-

0.24
0.01
0.08
0.71
1.21
0.01

2.59
0.18

x‘= 5.03




FLAIL
X n
150 60
200 37
250 4s
300 25
350 15
Loo 9
Ls50 8
500 4

Goodness of Fit Tests

Group III & IV

1

- O O

w w w

Y
2,27
2,67
3.06
3.46
3.86
b,25
4.65
5:05

0.32
0.92
2.60
6.20
12.70
22.70
36.30
52.00

1.278

nP S%F%ng%
0.19 3.45
0.34 1.28
1.17 1,20
1.55 1.66
1.91 0.50
2,04 0.58
2.90 0.01
2.08 0.85
2
~¢" 10.38

-y
\Sand

[




Goodness of Fit Tests

TUI'RLE Group I & II

i r - nP
f b 4 n r Y P nP n -
150 73 7 3.67 9.18 6.70 0.01
200 85 9 3.79 11.31  9.61 0.04
250 108 17 3.91 13.79 14.89 0.35
300 37 5 4,03 16.60 6.14 0.25
350 2L 2 4,14 19.49 4,68 1.90
Loo 14 L 4,26 22,96 3,21 0.25
L 50 3 2 4,38 26,76 0.80 2.44
%
i 2
{ x = 5.2
5
e
!
,l
1
i
i ,
o l! ’ 1279
i
L 4




TUMELE
X n
150 136
200 134
250 105
300 66
350 59
400 20
450 13
500 14

Group

N U O o

11

Goodness of Fit Tests

111 & 1V

Y P nP
3.30 L.,4s 6,05
3.40 5.50  7.37
3.50 6.70 7.04
3.60 8.70 5.74
3.70 9.70 5.72
3.80 11.50 2,30
3.90 13.55 1.76
4,00 15.90 2,23
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r - nP
n -

0.00

0.08 {
0.00 |
3.46 i
0.02
0.04
0.38 ;
0.03 '

P4
x = 4,74 '
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FACTORS INFLUENCING THE INCIDENCE AND SEVERITY UF “eJELTIUN
ASSOCIATED"™ NECK INJURIES SUSTAINED 6Y U.S. NAVY EJELTEES
1 JANUARY 1969 THRUUGH 31 DECeEMBER 1979

[ Fregerick C. Guilil

| ABSTRACT

Investigating meaical officers when confronted by an ejectee naving a
serious neck injury (sprain, strain, fracture, suoluxation, transection)
have generally examined the ejection process as the sole source of tne
forces necessary to produce the injury. A number of "classical"
explanations have evolved to explain tnese injuries: poor positioning of

{ the body, ejection boost forces too hignh, windscoop effect actiny upon the
ejectee's helmet, and parachute opening shock erfects beiny amony the
commonest. Some medical officers have truly strained tu force fit the data

\ into one of these "classical" causal factors. In-ueptn review of oriyinai

) meoical officer's reports suygests several injury causal factors often
overlooked incluge pre-ejection aircraft maneuver, post-separation

{ collisions of man and seat, ground contact, ang rescue attempts, ano that

' often several potential causal factors were present at various times guring
an escape and rescue process.

BACKGROUND

Largely as a consequence of a perceived relationsnip petween ejection,
{ and especially certain phases of gjection, witn tne incigencz of neck
‘ injuries sustainea oy ejectees; over the past gecaue major attention nas
been focused on developing information concerning the causal mechanisms of
neck injuries reportea to have been sustainea Dy ejectees. Inasmuch as a
large proportion, if not the majority, of these injuries appear to be
indirectly induced and not directly induced (i.e., when airectiy inducea
' the neck would be physically struck by an object) much of this attention
! has peen focused upon determininy head and neck dynamic response to
' parachute opening shock and to means for reaucing these forces, the
attendant extreine movements, ana their potential deleterious efrects upon
1 the ejectee.

It needs, however, to pe emphasized that the "ejection associatea" neck
! injury problem is not a new phenomenon, that the problem has existea for
} many years, with the first severe neck injury among U.S. Navy ejectees
occurring 26 June 1957 and the first moderate neck injury occurring 20
' February 1953. Uuring the period beyinning with the U.S5. Navy's tirst
‘, reported ejection on 9 August 1949 throuyh 3i December 1968 there was &
total of 1,965 ejections with 12 severe neck injuries and L0Y mocerate neck
injuries, 0.6l per cent ang 5.55 per cent, respectively. Uuring the eleven
year period unoger study (1 January 1969 throuyh 31 Decenoer 1979) there
were 21 severe and li4 moderate "ejection associatea" neck injuries amony
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1,391 ejectees, wnile during the rollowing 2 l/2 year period (througn mig
1982) there have been an acaitional 6 severe and 24 moderate “ejection
associated" neck injuries. (These total ejection attempts anu associateu
rates cannot, on the basis of information available to this project at
present, be correlated or realisticaily compared on an equivaient basis to
the data studied and reportea herein, but are presented simply to
illustrate that the problem has been a protractes one that 1s continuing.)

furthermore, tnis problem in recent years has been the supject of
several probes. One, in late 1974, suggested a correlation vetween the
occurrence 0Of neck injuries among ESCAPAC ejectees and the apsence (or
presence in the event of non-injury) of ballistically powered nauloack type
inertia reels. The problems faced with each of these earlier stuaies into
"e jection associated" neck injuries amony tne U.S. Navy ejectees were (i)
the small population sizes induced by tne Privacy Act related cut-off of
reaqy access to historical records at 1 January 1969 anu (¢) the ievel of
detail obtainable from Navali Safety Center computerizec cata tapes.

As a consequence of the major improvements in mudern escape Systems,
wherein the range of inflignt conaitions from which aircrew escape is now
feasible is extensive, the next major steps in the evolution of tnese
systems unqoubtedly will pe, and must pe, understanaing fully the causal
factors angd causal mechanisms for various signficant aircrew "escape
associated”" injuries ana tne aevising of means for reduciny or even,
hopefully, eliminating tne incidence of these injuries. Amony these
significant "escape associated” injuries are those sustaineg in the neck
region, classifiable as shown in Table I as severe or wmogerate. These can
result and have resulted, in geath, in disavlement anag also in significant
periods of post-escape grounding amony ejectees.

DATA COLLECTION

During tne past year the Crew Systems Division (AIR-531), Naval Air
Systems Command, and the Analytical Systems Division (ESA-3i), Naval
Weapons Engineering Support Activity, with the assistance ot tne Naval
Safety Center, nave undertaken an in-gepth review of the available cata
concerning those ejections in wnich the ejectees were reported tg have
sustained any of the following forms of neck injury:

TABLE I

transection
fracture-dislocation
subluxation

Group 1 simple fracture

(severe) avulsive fracture
compression fracture
compouna fracture
comminuted fracture
compoung-comminuted fracture

Group I strain
(mogerate) sprain
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Other injuries such as riser burns, aorasions ana similar types of minor
wounds were grouped into a third set, which altnough not subjected to
analysis at this time, is peiny preparea for future study, especially as
these aoditional cata might aig in explaining some of the Lroup I or 11
injuries' causation. This effort was initiatea Dy searching oata tapes
proviged by tne Naval Safety Center. The gata in these tapes is in both
codified form and in narrative form extracteg from aili U.5. Navy ejection
MORS/FSRs (Meoical Officer's Reports/Flight Surgeon's Reports) for ail
ejectees who ejected clear of the aircraft, witnin tne perforinance enveiope
of their escape system,! and sustained any type of neck injury. Ejections
in which the apove Taple 1 listea specific types of neck injuries were
reportea to nave teen sustainea oy the ejectees were then identified. Upon
request, the Naval Safety Center then made avallable for cgetailed review
coples of almost all of the oriyinal MURs/FSRs for eacnh of the mishaps so
identified (several records coula not pe located, propably Que to errors in
listing the mishap identification ang an attempt will pe made to locate
them) .

Ouring the review tne exact words the medical officers used to describe
each neck injury were extracted along with any descriptive notes describing
its severity, location and/or how it was diagnosed. In agaition, the
entire mishap sequence of events was reviewed ang summarized from the onset
of the emergency, through escape initiation, escape, parachute opening and
gescent, surface contact, and rescue, Of particular interest amony the
events were tnose which eitner input a force to the crewmember/ejectee or
could modify tne crewmemoer/ejectee capability to withstand without injury
the appliea forces associated with the various phases ot the emergency
and/or the escape.

Historically, it should be noted, that there nave veen two primary
camps concerning the cause of neck injuries: Those who believe such
injuries result from poor pody positioning, especially of head angd neck,
and/or ejection forces, during the catapult boost stroke; and those who
pelieve that such injuries result from direct (an object bearing upon or
striking tne neck progucing a neck load) or indirect loads (inertial)
imparted upon the head and neck duriny parachute opening SNOCK.
Interestingly, until tne mid 1970's poor body position for catapult boost
stroke appears to have been the primary contender with parachute openiny
forces occasionally sugyesteq as the propable causal factors. More
recently it would appear that parachute openiny forces have pecome the
favored explanation. In aadition, periodically other theories have been
agvanced, such as the nelmet formang a windscoop, anu have yalned tneir
aagherents.

' At this stage of tne investigation, the reports' statements concerning

whether ejections occurred in or out of envelope were accepted
non-critically. Potentially, as petter analytical tools are gevelopea,
testeo ana proven, these statements might be checkea at a later date.

. B -
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It should also be notea, even thouuyh virtually obvious to ali, tnat
compilations of aata such as tnose maintaineg by the Naval Safety Center
must, of necessity, resort to simplifyiny codes ana avbreviatea synopses it
tne cata are to be economically storable, retrievable ana capaole of beiny
manipulateo (analyzed) for multiple and often unpregefineu purposes. Tnus
such data compitations cannot bDe expected to pe sufficient in anu of
themselves for conducting getaileg investigations of tnis natufe. Without
such caretully prepared and maintained data compilations, nowever, an
investigator woulda face a wonumental and virtually nopeliess task of sortiny
througn original records in an attempt to locate those recoras pertinent to
the investigation at nana; anug, therefore, few would ever ungertake the
task,

THE BASIC DATA

For the period stugied, 1 Janwary 1969 tnrough 31 December 1979, the
Naval Safety Ce.ver tapes identified a total of 1,816 crewmembers in
ejection seat equipped aircraft involved in misnaps.? Of these, 1,39l
attemptea ejection, 1,188 reportedly having been initiated and accompliisned
witnin the escape systems' performance envelopes. Amony these in-envelope
ejectees there were 76 fatalities.

within the reportea in-envelope ejectee popuiation there were reported
twenty-one (21) severe and Li4 moderate neck injuries (incidence rates of
1.77 per cent and 9.6 per cent, respectively). 1In all, 135 or 1l.3e per
cent of the U.S. Navy in-envelope ejectees of this period were reportea to
nave sustaineg a mogerate or severe neck injury as eariier gefinea. The
severe neck injuries incluged twelve (12) survivors and nine (9)
fatalities. Five (5) of tne fatalities suffered transections ot the spinal
cord, two suffered aislocations of cervical vertebrae with propaple fatal
injury to the spinal cord, ana two s.ffered simpie tractures of cervical
vertebrae ana subsequently drowneda. Two of the survivors sutrfered
fractures of two cervical vertebrae each, while the remaininy ten survivors
suffered fractures of only one cervical verteora each. The aistribution
ana types of cervical vertebral fractures amony the survivors 1s shown in
Tapble II.

Refer to Preliminary Uverview Analyses of U.S. Navy Aircrew Automated
Escape Systems ZEEE%Z In-service u$a§e Data, Charles W. Stokes et al,
presented at the L¥th Annual SAFc Symposium, Uecemoer i198l, for the oasic

distribution of ejection gata for the periog 1 January 1969 through 31
December 1979.
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TABLE II

TYPE AND LOCATION OF CERVICAL FRACTURES AMUNG SURVIVING EJECTEES

CERVICAL
VERTEHRAE
TYPE C-1 C-2 (=3 Ceb C=3 (=6  C=7
FRACTURE
SIMPLE - 5 - - 2 2 1
COMPRESSION - - - - i - 2
COMMINUTED - 1 - - - - -
TOTALS - 6 - - 3 2 3

The distribution and types of cervical injuries among the ejectee
fataiities are shown in tables III ang IV.

TAbLE IIL

CERVICAL UISLUCATION AND SPINAL CORD TRANSECTION QUANTITIES AND SITES
AMONG EJECTEE FATALITIES

C-1 C-1/72 C-2/3 C-3/4 C-4/5 C-5/6 C-6/7
2 - 2 - 1 1 -

TAGLE IV
TYPE, QUANTITY AND LOCATION OF CERVICAL FRACTURES AMONG tJECTEE FATALITIES
C-1 C-2 £-3 C-4 C-5 C-6 C-7
SIMPLE - - - - 1 1w -
COMPRESSION 2* - - - - - -

* one drowned, one subluxed
#* same individual, drowned
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Attachea in Appendix A, Part 1, are tables of limiteg, pertinent gata
extractea from the MUR/FSR data tape ana from the oriyinal MURS/FSRs for
those ejectees sustaining severe neck injuries, while Appengix A, Part 1I,
contains similar data compilations for those sustaining moderate injury of
the neck. Appendix A, Part 1II, provides limited data extracted from
MOR/FSR gata tapes concerning (6) icentified cases wherein reportealy fully
strapped in Navy crewmembers sustained an inflignt, i.e., non-ejection,
non-bailout, non-crash or hard landing, neck injury. Part IV of Appenaix A
provides similar data for strapped in Navy crewmempers sustaining neck
injuries during crash and/or hard landings.

Before examining these data further, it would pe well to examine potn
the emergency occurrence and the escape process which subjects those who
sustainea these neck injuries and the many ejectees not sustaininyg any of
the Table I listea severe or moderate neck injuries to various, rapialy
changing force vectors, i.e., changing maynituges ana airections, as well
as changing rates of onset ana points of force application. What 1s the
source of the forces acting upon the inaividual? In what manner are they
generated and applied? what are their likely consequences? And what are
their likely relative magnituges?

ESCAPE SYSTEMS PHASES VS. INJURY POTENTIAL (Figure I)

Figure (2) (in two sheets) roughly depicts the various phases of an
inflignt emergency resulting in an escape attempt. Figures (3) through
(6), respectively, provide a yeneral and brief illustration ana giscussion
of tne role of pre-escape emergency pnase force(s) in producing injury ana
in producing the factors affecting the potential that a force proauceg
during the escape attempt mignt induce an injury. Figures (7) and (d),
respectively, discuss the general nature of escape system forces ana tne
factors affecting their potential for inducing injury. Figures (9) througn
(17) aescribe the types of forces likely to be experienced by aircrew in an
inflignt emergency and during the other phases of escape igentifiea in
Figure (2). Note that these figures do not attempt to ingicate the
magnitudes of the likely forces, nor their direction or application sites
since they vary from system to system and from escape condition to escape
conaition. Nor do tnese figures make any attempt to estimate the
likelinood of injury causation. These fiyures are presented only to
provide a orief frame of reference with which to consider the summarizea
inadividual case ocata presented in Appendix A, Parts I, II ana III, ana the
various injury case ygroupings such as injury vs. type of pre-ejection
maneuver, injury vs. speed at ejection, injury vs. maneuver at ejection,
injury vs. moge of canopy usea during the escape, etc. Usiny tnis series
of figures (2 through 17) also is of interest wnen one examines all of the
misnaps seeking potential explanations and causal factors for the injuries
sustainea and tneir severity. As will pe shown, in many of the mishaps
there were many potentially injury-producing factors present and an
indivigual examining but one of tne misnaps woula be extremeiy harg put in
many instances to obtain ana report a satisfactory explanation, especialiy
if that indivicual's thinking had veen colored Dy popular “classical"
explanations as so often has been the case.
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DATA EXAMINATION APPROACHES USED

As earlier reported, the candicate ejectees were selected from among
the population of 1,816 mishap crewmemoers oguring the period 1 January i96Y
: through 31 December 1979 who (1) accomplished an ejection (geliocerate or
inadvertent) clear of the aircraft ang (2) were reporteg within the Naval
Safety Center MOR/FSR uata extract computer tapes tO have sustalned a neck
injury. This ygroup then was further givideg into tnree yroups ang the
evaluation then concentrated on those sustaining a neck injury falling into
either group I or LI as listed in Taoie I.

The next step was to prirt out ang examine the computerized ddta tor
each of tne indiviaual ejectiuns, Hased upon personal knowleage concerning
many of these ejections and tne reports supmitted for them, the autnor
gecigeu that the ocata pbase required expansion, for much of the information
Known to have been reported coula not oe acquired from the computer tapes.
Accorainyly, the autnor then visiteo the Naval Safety Center and with tnheir
permission and assistance, examined completely the recorg for each mishap
in whicn an ejectee reportedly sustaineda either a Taple I classifieg severe
oI moderate neck injury and extracted information derininy the emerygency

] and its effect upon the crew, the conaitions of the escape ang the

‘ impressions of ejectees and witnesses of tne escape, the medical officer's
gescription of tne injury sustained and the effects of that injury, the
congitions attengant to the ejectees's contact with the surface, ana his
subsequent rescue. As earlier reported, of particular interest were those

l aspects inaicating the application of forces upon the ejectee or potentiad
alteration of the ejectee's ability to withstand without injury the torces

, oeing applied. In this connection, a supplementary pre-ejection aircraft

1 manuever category was created since tne Naval Safety Center maneuver

- cateyory caovered only that maneuver occurring at ejection. This

supplementary maneuver describes the aircraft maneuvers prior to, as well

as, auring the escape attempt.

The present analyses were preaicated upon (1) a physical count in eacnh

; mishap of the factors present wnicnh miyht either nave causea or nelpecg to

| cause the reported injury, (2) a frequency count of the occurrence of these

i factors versus type of injury reportealy sustained, ana (3) tne nature of

. the aircraft manuever immediately preceding ana during tne escape trom the

j aircraft. These efforts are yieloing preliminaly results as reported in
tne followiny section. The results as statea, however, must be considered
as oniy preliminary for the population beiny examinegd is specifically that

f population with the observed result of interest, i.e., a type of neck

| ingury. Tnhus, althouygh there inay appear to pe a airect relationsnip
pDetween a specific factor and injury within tnis population, what cannot at

: this time pe ascertaineg is how many times that speciftic factor occurrea

), witnout peing associated witnh that type of, or any, neck injury. There
remain in the total population of ejectees, accomplishing their escape
clear of the aircraft and within the system envelope during tne periog

! under study, another 1,053 ejectees who aia not sustain a reporteu Taole I
type "ejection associated" neck injury and whuse cases require the same
careful, thorougn in-gepth review of the original reports wefore these

[ analytical efforts can pe completed.
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THE PROCESSED DATA

Taoles V through XIII depict the numbers of ejectees sustaining an
"ejection associated" neck injury by (1) category of aircraft pre-ejection
maneuver, (2) category of aircraft pre-ejection maneuver ana type of
ejection seat (3) by type of ejection seat, and (4) by type of ejection
seat ano category of aircraft pre-ejection maneuver. Figures 18 throuyn 23
illustrate the frequency of injury rate py type of injury sustainea versus
the ejection airspeea (NUTE: Since several ejectees sustaininy "severe"
"ejection associated" neck injuries sustained more than one sucn
ingury/injury type, the data presented i1n Figures 19 througn 23 are not
adaitive).

Appenaix A, Parts I ang 11, respectively, summarize the gata concerning
the pre-ejection, ejection, gescent, surface contact, ana rescue factors
which conceivaoly might nave contributed to, Or caused, the ejectee to
sustain the reported “ejection associated" neck injuries.

The data presented in these taoles ang figures reveal, especilally when
considered in conjunction with the U.S. Navy's inflight neck injuries and
crash associated neck injuries (Appendix A, Parts 11I and IV, respectively)
and the recent U.S. Air Force's inflight F-4 incicent in which an aft
cockpit pilot sufferea the fracture anag subluxation of (-6, many potentials
exist for both pre-ejection injury and for pre-ejection malpositioning for
ejection in ways which could result in neck injury during tne catapuit
boost phase of the escape. These data also clearly indicate in some
instances system malfunctions, such as post man-seat separation
entanglement of the seat in the deploying parachute only to be disloaged by
inertial forces upon parachute opening ana then colliaing with the
decelerating ejectee. Additionally, these data often suggest the presence
in a given case of several, not just one, potential injury produciny
mechanism.

CONCLUSIONS

At this interim stage of this effort there exists evidence as disciosed
and discussed herein and in Appendix A, to support the following
preliminary conciusions:

(1) Sprain/strain ana fracture type neck inguries can ana ao occur
inflight (i.e., without ejection, bailout, crash, or hard lanaing)
and therefore that some proportion, probabiy signaficant, of tne
"ejection associatea" neck injuries have occurred prior to
ejection.

(2) Sprain/strain and fracture type neck injuries can occur during the
catapult boost phase of ejection, especially when the ejectee's
heag and neck are poorliy positionea to witnstand the ooost forces.

(3) Several fatul neck jnjuries have occurrea +5 a consequence of
improper functioning of the ejection seats.

(4) Sprain/strain and possibly fracture type neck injuries may nave
occurred during surface contact, generally contact in a manner
peyond the control of system designers ana users, e.g., parachute
snagging a branch causing the ejectee to be slammea to the yrouna
on his back and head.
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(5) Sprain/strain type neck injuries nave probably occasionally been
induced after surface contact, e.y., ejectee being dragyea.

(6) Sprain/strain type neck injuries have probaply occasionally been
inaguced auring rescue attempts, e.g., one ejectee while in the
water was repeatealy struck on his heimet very hard by the
helicopter, aother ejectees have bumped hard against helicopter
structures while beiny hoisted.

(7) Stapilized ejection seats appear to sustain significantly fewer
severe, i.e., fractures, transections, neck injuries than non-
stabilized seats ang have virtually no post man-seat separation
collisions of seat with man.

(8) (Based on earlier work) ballistic haulback type inertial reels can
reauce the incioence of sprain/strain type "ejection associatea"
neck injuries.

The evidence obtainea ano the analyses performed to date in this effort do
not support parachute opening shock as a frequent causal or contributory
factor of "ejection associated” neck injuries. However, neither tne agata
nor the analyses can rule out the likelihood that an occasional "ejection
associated”" neck ingury results from parachute opening shock, especially
where the risers bear upon or impact ayainst the ejectee's neck and, in
fact, there are several misnaps in which such conditions existed apparently
without other potential injury inducing factors being present.

As stated, these are preliminary conclusions based upon an evaluation
of a specific segment of the U.S. Navy's ejectee population: thosc
sustaining a moderate or severe neck "ejection associateg" neck ir:uvy
(defined in Table I) during tne perioa from 1 January 1969 throug: . -
December 1979. There remains to be accomplisheo the same detaileu uata
acquisition erfort ana subseguent analyses for the 1,053 ejectees during
that same period who dig not sustain "ejection associated" neck injuries in
orgder to identify the oifferences between those two populations. In
aadition, there remains the task of evalue'.’ng the records pertaining to
the earlier ana later ejectees, pboth those wh.0 aia not sustain ang those
who did sustain an "ejection associated" neck injury to ascertain whetner
analyses of the adata for those populations confirms or not the results
obtainea when the analyses of tne study period population has been
completed.

FINAL COMMENT

Examination of these original MORs/FSRs clearly reveals and even
underscores the very critical neea for medical personnel preparing these
reports to collect ang present all obtainable information, even when not
fully understood. A number of the MORs/FSRs examined by the author were
exceptionally complete, sometimes far beyond the levels prescribed oy the
report forms. Unfortunately, there were also a sizable number of MORs/FSRs
where, although there were survivors and/or witnesses, the preparer of the
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report aia not seem to nave availea nimselif of all of the available
resources of information, much of which is now lost torever. It is noped
that this paper anu especlally Figures z throuygh 17, the tables ano
Appenaix A (all parts) might heip FSK preparers in their investigation of a
mishap ana search for information by sugyesting for this single objective,
the study of "ejection associated" neck injuries, many of the factors of
critical interest to an investigator studying a large body of mishap data.

Note: Data preparea by Mr. Robert Cox
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TABLE V

DISTRIBUTION OF SEVERE ‘‘EJECTION ASSOCIATED’’ NECK INJURIES

BY PRE-EJECTION AIRCRAFT MANEUVER

1 JANUARY 1969 THROUGH 31 DECEMBER 1979

INJURED
MISHAP
AIRCREW

PRE-EJECTION AIRCRAFT MANEUVER

i 1

1

DISINTEGRATING, POST RAMP STRIKE
DIVE, HIGH SPEED
ENGINE FAILURE
FLAME OUT (ONE WITH FIRE IN COCKPIT)
INADV. EJT., ATTEMPTING TO STOW RADIATION SHIELD
INFLIGHT FIRE
1 {(NO OTHER MANEUVER)
1 (PROBABLE) HIGH SPEED DIVE
1 FIREIN O, SYSTEM
2 WITH LOSS OF ALL HYDRAULIC CONTROLS
POST MID-AIR COLLISION
SPIN
1 FLAT
1 OSCILLATING
1 UNCONTROLLED FLIGHT
SPIRAL, 80° NOSE DIVE, AFCS MALFUNCTION
STRUCK DITCH AND ROLLING INVERTED

UNCONTROLLED FLIGHT, HIGH SPEED
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DISTRIBUTION OF SPRAIN/STRAIN *'EJECTION ASSOCIATED'’ NECK

TABLE VI

INJURIES
BY PRE-EJECTION AIRCRAFT MANEUVER
1 JANUARY 1969 THROUGH 31 DECEMBER 1979

INJURED
MISHAP
AIRCREW

PRE-EJECTION AIRCRAFT MANEUVER

1

1

CATAPULT LAUNCH: ENGINE MALFUNCTIONED AS STROKE BEGAN

COLD CATAPULT SHOT (BRIDLE BROKE)

CONTROL LOSS CAUSED BY CANOPY STRIKING TAIL DURING CATAPULT LAUNCH
DISINTEGRATION FOLLOWING MISSILE STRIKE

ENGINE EXPLOSION AND LOSS OF HYDRAULIC CONTROLS

ENGINE FAILURE
3 (NO OTHER MANEUVER)
2 DURING LANDING APPROACH (ONE WITH FIRE)
1 DUE TO BIRD STRIKE
1 DURING CVA APPROACH
1 ATTEMPTING A NO POWER LANDING ('DEAD STICK'' LNDG ATTEMPT)
1 FIRE

ENGINE FIRE
3 (NO OTHER MANEUVERI
2 LOSS OF HYDRAULIC CONTROLS

ENGINE SEIZURE
2 (NO OTHER MANEUVER)
1 FLAME OUT

FLAME OUT

4 (NO OTHER MANEUVER)

1 DURING APPROACH

2 DUAL

HARD LANDING

10ONCV

1 SHEARING MLG - LEAVING RUNWAY

IMPROPER POWER RESPONSE DURING LANDING APPROACH, LATE RECOGNITION OF
EXTREMIS CONDITION

INFLIGHT FIRE

6 {NO OTHER MANEUVER)
1 EXPLOSION

2 LOSS OF CONTROLS

INVERTED

1 DUE TO FLAP FAILURE

1 UNCONTROLLED FLIGHT AFTER CATAPULT LAUNCH

1 UNCONTROLLED, AFTER AIRCRAFT STRUCK BY MISSILE
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DISTRIBUTION OF SPRAIN/STRAIN ‘‘EJECTION ASSOCIATED’' NECK

TABLE VI (Continued)

INJURIES
BY PRE-EJECTION AIRCRAFT MANEUVER
1 JANUARY 1969 THROUGH 31 DECEMBER 1979

INJURED
MISHAP
AIRCREW

PRE-EJECTION AIRCRAFT MANEUVER

1

1

12

LANDED ON SIDE OF RUNWAY AND LOST CONTROL
LEVELLING OUT AFTER DIVE FOLLOWING INADV. CANOPY LOSS
LOCKED FLIGHT CONTROLS
LOSS OF POWER
MUSHING — LOST POWER DURING CATAPULT LAUNCH
NOSE DOWN ATTITUDE DURING AND FOLLOWING CATAPULT LAUNCH
NOSE FALLING THROUGH
1 AFTER GEAR CONTACTED FLIGHT DECK (LATE WAVE OFF)
1 AT EJECTION, POST ENGINE EXPLOSION ZOOM CLIMB
NOSE PITCHED UP AFTER AIRCRAFT WAS STRUCK BY MISSILE
NOSE PITCHING "JP AND DOWN, STEEP DIVE
OVERROTATION

1 STALL POST CATAPULT LAUNCH
1 POST CAT. LAUNCH — RADAR SCOPE SHIFTED AFT AGAINST STICK

OVERRUNNING END OF RUNWAY FOLLOWING FAST LANDING

PITCH OSCILLATION, VIOLENT

PITCHING NOSE DOWN, POST CATAPULT LAUNCH

PLANNED EJT.: UTILITY HYD. FAILURE PREVENTED FLAPS AND MLG EXTENSION

POST MID-AIR COLLISION
6 (NO OTHER MANEUVER)
1 TUMBLING
1 DIVE
1 PITCH DOWN
1 FIRE WITH LOSS OF PORTION OF WING
1 INVERTED, UNCONTROLLED
1 OUT OF CONTROL

POST RAMP STRIKE, ENGINE SEIZURE DURING CLIMBOUT
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TABLE VI (Continued)
DISTRIBUTION OF SPRAIN/STRAIN ‘‘EJECTION ASSOCIATED’' NECK
INJURIES
BY PRE-EJECTION AIRCRAFT MANEUVER
1 JANUARY 1969 THROUGH 31 DECEMBER 1979

INJURED
MISHAP
AIRCREW PRE-EJECTION AIRCRAFT MANEUVER

3 PULLOUT
2 POST ROCKET RUN, EXPLOSION AND INFLIGHT FIRE
1 POST BOMBING RUN, GRAYING OUT

8 ROLLING
5 UNCONTROLLED, IMMEDIATELY AFTER CATAPULT LAUNCH
1 GENTLE, AFTER HYD CONTROL FAILURE
1 INFLT. FIRE, FOL. LOSS OF FUEL TANK DURING CAT. LAUNCH
1 DURING APPROACH TO FIELD
2 POST-STALL
1 INDUCED BY RAISING FLAPS PREMATURELY DURING TAKE-OFF
1 CONTROLS STIFF FOLLOWING CATAPULT LAUNCH
1 NOSE DOWN

1 RUNNING OFF DECK UNDER UNCOMMANDED ENGINE POWER
2 SLIDING DOWN FLIGHT DECK AFTER RAMP STRIKE

21 SPIN

4 (NO OTHER MANEUVER)

1 OSCILLATING

4 FLAT

9 NOSE DOWN

3 ROLLING (ONE DURING APPROACH TO CV)

2 STALL, LOW LEVEL

3 UNCONTROLLED FLIGHT

2 (NO OTHER MANEUVER)
1 PILOT DISORIENTED

1 ZOOM CLIMB, POST ENGINE FAILURE
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TABLE VI

DISTRIBUTION OF SEVERE ‘'EJECTION ASSOCIATED’’ NECK INJURIES
BY PRE-EJECTION AIRCRAFT MANEUVER

1 JANUARY 1969 THROUGH 31 DECEMBER 1979

- emwm S

INJURED
MISHAP
‘ AIRCREW PRE-EJECTION AIRCRAFT MANEUVER SEAT MODEL
1 | DISINTEGRATING, POST RAMP STRIKE MK H7
] 1 |DIVE. HIGH SPEED LS-1
2  |ENGINE FAILURE ESCAPAC IA-1,
i ESCAPAC IC-3
2 |FLAME OUT (ONE WITH FIRE IN COCKPIT} ESCAPAC IG-3,
| ESCAPAC IA-
‘ 1 |INADV. EJT.. ATTEMPTING TO STOW RADIATION SHIELD ESCAPAC IC-2
" 5  |INFLIGHT FIRE
1 (NO OTHER MANEUVER) MK GRUS
,. 1 (PROBABLE) HIGH SPEED DIVE MK GRU7
| 1 FIRE IN 0, SYSTEM ESCAPAC IF-3
2 WITH LOSS OF ALL HYDRAULIC CONTROLS 2 HS-1A
3 |POST MID-AIR COLLISION MK GRUS,
ESCAPAC IC-2.
ESCAPAC 1G-3
3 |spPIN
1 FLAT ESCAPAC IG-2
1 OSCILLATING ESCAPAC IC-2
1 UNCONTROLLED FLIGHT ESCAPAC IA-1
1 SPIRAL, 80° NOSE DIVE, AFCS MALFUNCTION ESCAPAC IG-3
1 | STRUCK DITCH AND ROLLING INVERTED MK H7
1 UNCONTROLLED FLIGHT, HIGH SPEED ESCAPAC IC-3




DISTRIBUTION OF SPRAIN/STRAIN ‘‘EJECTION ASSOCIATED’’ NECK

TABLE VIl

INJURIES

BY PRE-EJECTION AIRCRAFT MANEUVER

1 JANUARY 1969 THROUGH 31 DECEMBER 1979

INJURED
MISHAP
AIRCREW PRE-EJECTION AIRCRAFT MANEUVER SEAT TYPE
1 CATAPULT LAUNCH: ENGINE MALFUNCTIONED AS STROKE
BEGAN ' MK H7
1 COLD CATAPULT SHOT (BRIDLE BROKE) MK H7
1 CONTROL LOSS CAUSED BY CANOPY STRIKING TAIL DURING
CATAPULT LAUNCH ESCAPAC IC-2
1 DISINTEGRATION FOLLOWING MISSILE STRIKE ESCAPAC IF-3
1 ENGINE EXPLOSION AND LOSS OF HYDRAULIC CONTROLS LS-1
9 ENGINE FAILURE
3 (NO OTHER MANEUVER) MK F7, |
ESCAPAC IC-2 ‘
2 DURING LANDING APPROACH (ONE WITH FIRE) ESCAPAC 1G-2,
Siis-3
1 DUE TO BIRD STRIKE ESCAPAC IC-3 ,
1 DURING CVA APPROACH TYPE 9
1 ATTEMPTING A NO POWER LANDING {‘DEAD STICK"’
LNDG ATTEMPT) ESCAPAC I1G-3
1 FIRE MK H?
B ENGINE FIRE ‘
3 (NO OTHER MANEUVER) ESCAPAC IC-2, i
LW-3b, SLLS-3
2 LOSS OF HYDRAULIC CONTROLS 2 MK GRUS
3 ENGINE SEIZURE }
2 (NO OTHER MANEUVER) MK F7,
ESCAPAC 1G-2 ’
1 FLAME OUT ESCAPAC |A-1 §
(] FLAME OUT
4 (NO OTHER MANEUVER) 3 ESCAPAC IC-2, |
ESCAPAC IF-3 }
1 DURING APPROACH MK GRUS
2 DUAL LS-1, MK H?
2 HARD LANDING
10NCV _ MK F7
1 SHEARING MLG — LEAVING RUNWAY MK H? i )
i
1 IMPROPER POWER RESPONSE DURING LANDING APPROACH, ESCAPAC IC-2 r
LATE RECOGNITION OF EXTREMIS CONDITION ]
:
|
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TABLE VIl (Continued)

DISTRIBUTION OF SPRAIN/STRAIN “‘EJECTION ASSOCIATED'* NECK

INJURIES

BY PRE-EJECTION AIRCRAFT MANEUVER

1 JANUARY 1969 THROUGH 31 DECEMBER 1979

INJURED
MISHAP
AIRCREW PRE-EJECTION AIRCRAFT MANEUVER SEAT TYPE
9  |INFLIGHT FIRE
6 (NO OTHER MANEUVER) 4 MK H7, MK
GRUS, MK GRU7A
1 EXPLOSION MK GRUEAS
2 LOSS OF CONTROLS 2 MK GRU7A
3 |INVERTED
1 DUE TO FLAP FAILURE ESCAPAC IA-1
1 UNCONTROLLED FLIGHT AFTER CATAPULT LAUNCH ESCAPAC IC-2
1 UNCONTROLLED, AFTER AIRCRAFT STRUCK BY MISSILE | ESCAPAC IA-1
1 LANDED ON SIDE OF RUNWAY AND LOST CONTROL ESCAPAC I1A-1
1 LEVELLING OUT AFTER DIVE FOLLOWING INADV. CANOPY ESCAPAC IC-2
LOSS
1 LOCKED FLIGHT CONTROLS ESCAPAC IC-2
1 LOSS OF POWER ESCAPAC IC-2
1 MUSHING — LOST POWER DURING CATAPULT LAUNCH ESCAPAC IA-1
1 NOSE DOWN ATTITUDE DURING AND FOLLOWING CATAPULT | MK H7
LAUNCH
2 | NOSE FALLING THROUGH
1 AFTER GEAR CONTACTED FLIGHT DECK (LATE WAVE MK H7
OFF)
1 AT EJECTION, POST ENGINE EXPLOSION ZOOM CLIMB ESCAPAC |
1 NOSE PITCHED UP AFTER AIRCRAFT WAS STRUCK BY MISSILE | MK GRU7A
1 NOSE PITCHING UP AND DOWN, STEEP DIVE . MK GRUS
2 | OVERROTATION
1 STALL POST CATAPULT LAUNCH MK GRUS
1 POST CAT. LAUNCH — RADAR SCOPE SHIFTED AFT ESCAPAC IA-1
AGAINST STICK
1 OVERRUNNING END OF RUNWAY FOLLOWING FAST LANDING | ESCAPAC IC-2
1 PITCH OSCILLATION, VIOLENT MK H7
1 PITCHING NOSE DOWN, POST CATAPULT LAUNCH MK H7

1-297




TABLE VIl (Continued)
DISTRIBUTION OF SPRAIN/STRAIN ‘“‘EJECTION ASSOCIATED’' NECK
INJURIES
BY PRE-EJECTION AIRCRAFT MANEUVER
1 JANUARY 1969 THROUGH 31 DECEMBER 1979

P R S PR

INJURED
MISHAP
AIRCREW PRE-EJECTION AIRCRAFT MANEUVER SEAT TYPE
1 PLANNED EJT.: UTILITY HYD. FAILURE PREVENTED FLAPS AND| MK H7 l
MLG EXTENSION
12 |POST MID-AIR COLLISION '
6 (NO OTHER MANEUVER) 2 MK H7, MK
GRUEA7, .
2 ESCAPAC IC-2 |
ESCAPAC 1G-2 :
1 TUMBLING ESCAPAC IC-2
1 DIVE ESCAPAC IC-2 i
1 PITCH DOWN LS-1 {
1 FIRE WITH LOSS OF PORTION OF WING LW-38
1 INVERTED, UNCONTROLLED MK H7 :
1 OUT OF CONTROL MK H7 |
1 POST RAMP STRIKE, ENGINE SEJIZURE DURING CLIMBOUT ESCAPAC IC-2 __
3 PULLOUT |
2 POST ROCKET RUN, EXPLOSION AND INFLIGHT FIRE 2 MK H7
1 POST BOMBING RUN, GRAYING OUT ESCAPAC IC-2
8 ROLLING
5 UNCONTROLLED, IMMEDIATELY AFTER CATAPULT
LAUNCH :
1 GENTLE, AFTER HYD CONTROL FAILURE ESCAPAC IC-2
1 INFLT. FIRE, FOL. LOSS OF FUEL TANK DURING CAT. | HS-1A
LAUNCH
1 DURING APPROACH TO FIELD MK H7
2 POST-STALL MK HB
1 INDUCED BY RAISING FLAPS PREMATURELY DURING ,
TAKE-OFF MK A7 S
1 CONTROLS STIFF FOLLOWING CATAPULT LAUNCH ESCAPAC IA-1 !
1 NOSE DOWN ESCAPAC IF-3
1 RUNNING OFF DECK UNDER UNCOMMANDED ENGINE POWER MK GRU7A
2 SLIDING DOWN FLIGHT DECK AFTER RAMP STRIKE MK F7, MK GRU7A
'J
T
1-298 ﬂ ¥




TABLE VIl (Continued)
DISTRIBUTION OF SPRAIN/STRAIN ‘‘EJECTION ASSOCIATED’’ NECK
INJURIES
BY PRE-EJECTION AIRCRAFT MANEUVER
1 JANUARY 1969 THROUGH 31 DECEMBER 1971

INJURED
MISHAP
AIRCREW PRE-EJECTION AIRCRAFT MANEUVER SEAT TYPE
21 SPIN
4 (NO OTHER MANEUVER} ESCAPAC HS-1,
ESCAPAC 1A-1,2
ESCAPAC IG-3
1 OSCILLATING MK H7
4 FLAT MK GRU7A, MK H7,
ESCAPAC IC-2,
ESCAPAC IG-2
9 NOSE DOWN MK F7, MK GRUS,
MK GRUEA7, 3 MK
H7, LS-1, ESCAPAC
iC-2, ESCAPAC IF-3
3 ROLLING (ONE DURING APPROACH TO CV) MK H7, 2LS-1A
2 STALL, LOW LEVEL MK H7, HS-1
3 UNCONTROLLED FLIGHT
2 (NO OTHER MANEUVER) MK H7, LS-1
1 PILOT DISORIENTED ESCAPACIC-2
1 ZOOM CLIMB, POST ENGINE FAILURE ESCAPAC IC-2
j
i
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TABLE IX.
DISTRIBUTION OF ‘’EJECTION ASSOCIATED’’ NECK INJURIES
BY TYPE EJECTION SEAT
1 January 1969 through 31 December 1979
TOTAL
EJECTIONS SEVERE NECK INJURY MODERATE
SEAT 185 FATAL NON-FATAL NECK INJURY

MK A5 19 0 0 0

MK F5 17 0 0 0

MK GRU5 84 0 2 7

MK GRUEAS 5 0 0 1

MK H5 14 0 0 1

MK L5 6 0 0 0

MK M5 0 0 0 0

MK N5 0 0 0 0

MK P5 0 0 0 0

MK X5 0 0 0 0

MK Z5 7 0 0 0

ESCAPAC | 7 0 0 1

ESCAPAC IA-1 89 2 1 8

ESCAPAC IC-2 158 1 2 23

ESCAPAC IC-3 124 1 1 1 |
HS-1 25 0 0 2 %
LS-1 53 0 0 5

LW-38 22 0 0 2 !
MK A7 8 0 0 1 !
MK F7 88 0 0 5

MK GRU7 38 1 0 0

MK GRUEA7 17 0 0 2

MK GRU7A 87 0 0 7

MK H7 348 0 2 29

ESCAPAC IF-3 19 1 0 4

ESCAPAC 1G-2 a1 0 1 6 ‘
ESCAPAC 1G-3 43 0 3 3 ]
ESCAPAC IG-4 1 0 0 0

ESCAPAC IG-5 0 0 0 0

ESCAPAC IE-1 8 ( 0 0 l
HS-1A 9 2 0 1

LS-1A 4 1 0 2

SEU-3/A (SIIS-3) 7 0 0 2 ,
NAMC II 1 0 0 0 3
F-6E 1 0 0 0 ]
TYPE 9 8 0 0 0 I &
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TABLE X
DISTRIBUTION OF SEVERE ‘"EJECTION ASSOCIATED’’ NECK INJURIES
BY TYPE
EJECTION SEAT AND PRE-EJECTION AIRCRAFT MANEUVER
1 JANUARY 1969 THROUGH 31 DECEMBER 1979

MK GRUS
1 INFLIGHT FIRE
1 POST MID-AIR COLLISION, ROLLING

ESCAPAC |A-1
1 ENGINE FAILURE
1 FLAME OUT, FIRE IN COCKPIT
1 SPIN, UNCONTROLLED FLIGHT

ESCAPAC IC-1
1 INAOVERTENT EJECTION WHILE ATTEMPTING TO STOW RADIATION SHIELD
1 POST MID-AIR COLLISION, TUMBLING
1 SPIN, OSCILLATING

ESCAPAC IC-3
1 ENGINE FAILURE
1 UNCONTROLLED FLIGHT, HIGH SPEED

LS-1
1 DIVE, HIGH SPEED NEGATIVE G CONDITIONS, AIRCRAFT DISINTEGRATING

MK GRU7
1 INFLIGHT FIRE (PROBABLE), HIGH SPEED DIVE

MK H?7
1 DISINTEGRATING, POST RAMP STRIKE
1 STRUCK DITCH & ROLLING INVERTED

ESCAPAC IF-3
1 INFLIGHT FIRE — FIRE IN O, SYSTEM

ESCAPAC IG-2
1 SPIN, FLAT

ESCAPAC IG-3
1 FLAME OUT
1 POST MID-AIR COLLISION, MUSHING
1 SPIRAL, 80 DEG NOSE DIVE, AFCS MALFUNCTION

HS-1A
2 INFLIGHT FIRE WITH LOSS OF ALL HYDRAULIC CONTROLS
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TABLE XI
DISTRIBUTION OF SURVIVORS SUSTAINING SEVERE ‘‘EJECTION
ASSOCIATED’’ NECK INJURIES BY TYPE EJECTION SEAT
AND PRE-EJECTION AIRCRAFT MANEUVER
1 JANUARY 1969 THROUGH 31 DECEMBER 1979

MK GRUS
1 INFLIGHT FIRE
1 POST MID-AIR COLLISION, SNAP ROLLING/TUMBLING/NEGATIVE G CONDITIONS

ESCAPAC IA-1
1 ENGINE FAILURE

ESCAPAC IC-2
1 INADVERTENT EJECTION WHILE ATTEMPTING TO STOW RADIATICN SHIELD
1 SPIN OSCILLATING

ESCAPACIC-3
1 ENGINE FA{LURE

MK H?7
1 DISINTEGRATING, POST RAMP STRIKE
1 STRUCK DITCH AND ROLLING INVERTED

ESCAPAC 1G-2
1 SPIN, FLAT

ESCAPAC 1G-3
1 FLAME OUT
1 POST MID-AIR COLLISION, MUSHING
1 SPIRAL, 80 DEG. ':OSE DIVE, AFCS MALFUNCTION
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TABLE Xl
DISTRIBUTION OF FATALITIES SUSTAINING SEVERE ‘'EJECTION
ASSOCIATED’’ NECK INJURIES BY TYPE EJECTION SEAT AND
PRE-EJECTION AIRCRAFT MANEUVER
1 JANUARY 1969 THROUGH 31 DECEMBER 1979

ESCAPAC 1A-1
1 FLAME OUT, FIRE IN COCKPIT
1 UNCONTROLLED FLIGHT

ESCAPAC IC-2
1 POST MID-AIR COLLISION, TUMBLING

ESCAPAC IC-3
1 UNCONTROLLED FLIGHT, HIGH SPEED

LS-1
1 DIVE, HIGH SPEED NEGATIVE G CONDITIONS, AIRCRAFT DISINTEGRATING

MK GRU?7
1 INFLIGHT FIRE (PROBABLE) HIGH SPEED DIVE

ESCAPAC IF-3
1 INFLIGHT FIRE, FIRE IN O, SYSTEM

HS-1A
2 INFLIGHT FIRE WITH LOSS OF ALL. HYDRAULIC CONTROLS
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TABLE Xiil |

DISTRIBUTION OF SPRAIN/STRAIN ‘EJECTION ASSOCIATED’' NECK |

INJURIES BY TYPE EJECTION SEAT AND PRE-EJECTION AIRCRAFT |
MANEUVER

1 JANUARY 1969 THROUGH 31 DECEMBER 1979

MK GRUS
2 ENGINE FIRE, LOSS OF HYDRAULIC CONTROLS
f 1 FLAME OUT DURING APPROACH
' 1 INFLIGHT FIRE
1 NOSE PITCHING UP AND DOWN, STEEP DIVE
1 OVERROTATION AND STALL, POST CATAPULT LAUNCH
1 SPIN, NOSE DOWN

MK GRUEAS
1 INFLIGHT FIRE WITH EXPLOSION

MK H5
1 ROLLING UNCONTROLLED, INDUCED BY RAISING FLAPS PREMATURELY DURING TAKE OFF

ESCAPAC 1
1 NOSE FALLING THROUGH AT EJECTION, POST ENGINE EXPLOSION ZOOM CLIMBOUT

ESCAPAC IA-1
1 ENGINE SEIZURE/FLAME OUT
2 INVERTED
1 DUE TO FLAP FAILURE
1 UNCONTROLLED AFTER AIRCRAFT STRUCK BY MISSILE
1 LANDING ON SIDE OF RUNWAY AND LOST CONTROL
1 MUSHING — LOST POWER DURING CATAPULT LAUNCH
1 OVERROTATION OF A/C POST CAT. LAUNCH — RADAR SCOPE SHIFTED AFT AGAINST STICK
1 ROLLING, CONTROLS STIFF FOLLOWING CATAPULT LAUNCH
1 SPIN

ESCAPAC IC-2 '

1 CONTROL LOSS CAUSED BY CANOPY STRIKING TAIL DURING CATAPULT LAUNCH
1 ENGINE FIRE j
1 ENGINE FAILURE {
3 FLAME OUT
1 INVERTED, UNCONTROLLED FLIGHT AFTER CATAPULT LAUNCH
1 IMPROPER POWER RESPONSE DURING LANDING APPROACH I
1 LEVELLING OUT AFTER DIVE FOLLOWING INADV. CANOPY LOSS
1 LOSS OF POWER
1 LOCKED FLIGHT CONTROLS
4 POST MID-AIR COLLISION

2 (NO OTHER DESCRIPTION)

1 DIVE

1 TUMBLING
1 POST RAMP STRIKE: ENGINE SEIZURE DURING CLIMBOUT
1 PULL OUT, POST BOMBING RUN. GRAYING OUT
1 OVERRUNNING END OF RUNWAY FOLLOWING FAST LANDING
1 ROLLING, UNCONTROLLED, AFTER HYD CONTROL FAILURE
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TABLE Xill (Continued)

DISTRIBUTION OF SPRAIN/STRAIN ‘‘EJECTION ASSOCIATED’’ NECK
INJURIES BY TYPE EJECTION SEAT AND PRE-EJECTION AIRCRAFT
MANEUVER
1 JANUARY 1969 THROUGH 31 DECEMBER 1979

ESCAPAC IC-2 (Continued)
2 SPIN
1 FLAT
1 NOSE DOWN
1 UNCONTROLLED FLIGHT, PILOT DISORIENTED
1 ZOOM CLIMB, POST ENGINE FAILURE

ESCAPAC IC-3
1 ENGINE FAILURE DUE TO BIRD STRIKE

HS-1
1 SPIN
1 STALL, LOW LEVEL

LS-1
1 ENGINE EXPLOSION AND LOSS OF HYDRAULIC CONTROLS
1 FLAME OUT, DUAL
1 POST MID-AIF. COLLISION PITCH DOWN
1 SPIN NOSE DOWN
1 UNCONTROLLED FLIGHT

Lw-38
1 ENGINE FIRE
1 POST MID-AIR COLLISION, FIRE WITH LOSS OF PORTION OF WING

MK A7
1 ROLLING, UNCONTROLLED, POST-STALL

MK F?7
1 ENGIME FAILURE
1 ENGINE SEIZURE
1 FOLLOWING HARD LANDING ON CV
1 SLIDING DOWN FLIGHT DECK AFTER RAMP STRIKE
1 SPIN, NOSE DOWN

MK GRUEA7
1 POST MID-AIR COLLISION
1 SPIN, NOSE DOWN

MK GRU7A
3 INFLIGHT FIRE
1 (NO OTHER DESCRIPTION)
2 WITH LOSS OF CONTROLS
1 NOSE PITCHED UP AFTER AIRCRAFT WAS STRUCK BY MISSILE
1 RUNNING OFF DECK UNDER UNCOMMANDED ENGINE POWER
1 SLIDING DOWN . ' IGHT DECK AFTER RAMP STRIKE
1 SPIN, FLAT
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‘ TABLE XiIil (Continued)
F DISTRIBUTION OF SPRAIN/STRAIN ‘‘EJECTION ASSOCIATED’* NECK
" INJURIES BY TYPE EJECTION SEAT AND PRE-EJECTION AIRCRAFT
- MANEUVER
1 JANUARY 1969 THROUGH 31 DECEMBER 1979

MK H?
1 CATAPULT LAUNCH; ENGINE MALFUNCTIONED AS STROKE BEGAN
1 COLD CATAPULT SHOT (BRIDLE BROKE)
1 ENGINE FAILURE/FIRE
1 FLAME OUT, DUAL
4 INFLIGHT FIRE
1 HARD LANDING SHEARING MLG — LEAVING RUNWAY
1 NOSE DOWN ATTITUDE DURING AND FOLLOWING CATAPULT LAUNCH
1 NOSE FALLING THROUGH AFTER GEAR CONTRACTED DECK (LATE WAVE OFF)
1 PITCH OSCILLATION, VIOLENT
1 PITCHING NOSE DOWN, POST CATAPULT LAUNCH
4 POST MID-AIR COLLISION
2 (NO OTHER DESCRIPTION)
1 OUT OF CONTROL
1 INVERTED, UNCONTROLLED
: 1 PLANNED EJT.; UTILITY HYD FAILURE PREVENTED FLAPS AND MLG EXTENSION
‘ 1 PULL-OUT, POST ROCKET RUN, EXPLOSION AND INFLIGHT FIRE
: 1 ROLLING UNCONTROLLED DURING APPROACH TO FIELD
6 SPIN
1 ROLLING
3 NOSE DOWN
1 FLAT
1 OSCILLATING
1 STALL, LOW LEVEL
1 UNCONTROLLED FLIGHT

ESCAPAC |F-3
1 DISINTEGRATION FOLLOWING MISSILE STRIKE
1 FLAME OUT
1 ROLLING, NOSE DOWN
1 SPIN, NOSE DOWN

ESCAPAC 1G-2 .
2 ENGINE FAILURE (ONE WITH FIRE DURING LANDING APPROACH)
1 ENGINE SEIZURE '
1 POST MID-AIR COLLISION !
1 ROLLING, UNCOMMANDED, AFTER CATAPULT LAUNCH
1 SPIN, FLAT t

ESCAPAC 1G-3
1 ENGINE FAILURE, ATTEMPTING A NO POWER LANDING ("’DEAD STICK"’)
2 SPIN

HS-1A
1 ROLLING UNCONTROLLABLY, INFLIGHT FIRE, FOLLOWING LOSS OF FUEL TANK DURING
CATAPULT LAUNCH

| Gntntes |
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TABLE Xill (Continued)

DISTRIBUTIGN OF SPRAIN/STRAIN ‘“‘EJECTION ASSOCIATED’’ NECK
INJURIES BY TYPE EJECTION SEAT AND PRE-EJECTION AIRCRAFT
MANEUVER
1 JANUARY 1869 THROUGH 31 DECEMBER 1979

LS-1A
2 SPIN, ROLLING

Shis-3

1 ENGINE FAILURE DURING LANDING APPROACH
1 ENGINE FIRE
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PHASES OF EMERGENCY AND OF ESCAPE
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ENCY AND OF ESCAPE SYSTEM FUNCTIONING vs. POTENTIAL FOR INJURY

STABILIZED, NON-POWERED, POST DROGUE RELEASE/DEPLOYMENT OF LINE ST¢
FREE FLIGHT PHASE PERSONNEL PARACHUT ¢ PHASE

Figure 2 (Sheet 1 of 2)




ONING vs. POTENTIAL FOR INJURY

POST DROGUE RELEASE/DEPLOYMENT OF
PERSONNEL PARACHUT: PHASE

LINE STRETCH/SNATCH FORCE & PARACHUTE
OPENING SHOCK PHASE
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PHASES OF EMERGENCY AND OF ESCAPE SYSTEM FUNCTIONI

POST-INFLATION COLLAPSE & SWING THROUGH PHASE

STEADY STATE DESCENT PHASE

hi\ %

Figure 2 (Sheet 2 of 2
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AND OF ESCAPE SYSTEM FUNCTIONING vs. POTENTIAL FOR INJURY (CONTII

LY

&aﬁ&ae

STEADY STATE DESCENT PHASE SURFACE IMPACT PHASE POST-SUKFACI

Figure 2 (Sheet 2 of 2)
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EM FUNCTIONING vs. POTENTIAL FOR INJURY (CONTINUED)

SURFACE IMPACT PHASE ' POST-SURFACE IMPACT PHASE
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U.S. NAVY AVIATION MISHAP AIRCREW ANTHROPOMETRY
1 January 1969 thnrougn 31 December 1979

Frederick C. Guill

ABSTRACT

The U.S. Navy has periodically congucteud major antnrupomelric surveys
at considerable expense to define its aircrew personnel tor aiginy in the
agesign of cockpits, design of escape systems, design and siziny of iife
support equipwments, aesign of equipment stocking plans, etc. Major
proolems associated with these surveys incluge wnen to conauct a new one
and wnether the aircrew population is homoygeneous across all types of
aircraft. In each mishap requiring medical officer investiyative
participation, the standard report form proviaces for the submittal of
misnap aircrew anthropometry representing oasically a rangom sampling of
aircrew. These data are being examineo to ascertain their value in
answering the above questions. Unfortunately, this stugy has revealea (1)
a major failure to furnish tne data and (2) a significant error rate among
the data which call into question, for example, stuogies seekiny to
ascertain the roll of aircrew anthropometry in mishap causation. Several
data checking methoaologies for the report preparer and the gata user are
discussed.

INTRODUCTION

In an earlier paper! tne anthropometry reported for aircrew in aircrew
automated escape systems (AAES) equipped aircraft involved in aviation
mishaps were reported. For the 1,816 aircrewmen invoivea, values were
reportea for the following morpholoyical features for the ingicated numpers
of crewmembers:

G height 1,679
0 weight 1,687
o functional reach 1,389
0 trunk heignt 1,518
o sitting height 1,557
0 buttock-knee length 1,507
o leg length 1,524
0 shoulager width 1,513
0 aye 1,765

U.S. Navy Ejectee Anthropometry, 1 January 1969 through 31 Decemoer 1979 by
rederick C. Luill presented at the 2Utn Annual SAFt Symposium December

igsz.
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As reportea in that earlier paper a large numoer ot seeimingly opvious
errors were present in tne gata; errors which were traceaole directly to
the original MORs/FSRs (Meaical Officer's Reports/Flight Surgeon's Reports)
and, baseo upon personal review by tnis author of tne original documents,
could not pe attributed to transcriptional or encociny errors at the Naval
Safety Center, Norfolk, which had supplied the data to the Naval Weapons
engineering Support Activity, Wasnington, U.C., in the torm of computer
tapes. These cata aiso agemonstrated inexpiicable and inconsistent shafts
from the standarg U.S. Navy aviation personnel popuiations as GesCribeg 1n
two anthropometric stuaies. An obvious potential explanation for these
shifts and their inconsistencies is simply error; error in the oriyinali
measurement ang its recorcation, error in transcribing from the original
record to the MOR/FSR, error inocuced by poor handawriting ana/or
typewritiny, or error of some other form. Another potential explanation
for the differences observed is that, due to cockpit and other constraints,
tne aircrewmen flying in AAES equipped aircraft form a unique subset of
the total aircrew personnel population of the U.S. Navy. Yet another
potential explanation mignt lie in the manner in which thne representative
populations were aeveloped for the anthropometric stuaies.

DIFFERENCES BETWEEN THE 1964 AND 1982 ANTHRUPUMETRIC SURVEY REPURTS

There are several differences between the two citea stancara navald
aviation personnel antnropometric surveys which require consiceration even
though an accurate assessment corwerning their criticality or significance
or even the relative superiorty of one technique vs. the other are issues
beyond the scope of this paper:

(1) NATURE OF THE SAMPLE PUPULATIUN

Neither survey attemptea to measure tne entire navali aviation
population put relied upon sampling technigues to permit
assembling a representative sample of that population. Botn were
restrictea to the commissioneqa officer personnel segment of that
population. The earlier survey confinea its cnoice of suojects to
active auty naval aviation commissioned officer personnel seiected
through a sampling plan wniie the latter was restrictea to oniy
personnel (whether commissioned or not) satisfying the
comnissioned naval aviation officer entrance requirements for
heignht and weiynt.

? Naval Air Test Center Report SY-121R-82

*Naval Air Engineering Center (ACEL) Report ACEL-533
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(2) CHANGES IN PUPULATIUN BETWEEN SURVEYS

After the earlier survey had peen completed ana puplisned ano
pbefore the commencement of the later survey, the entrance
requirements for stature were changed, increasing tne ranye Dy 4
inches (i.e., lowering the lower limits Dy < 1ACNes and raisiny
tne upper limits by 2 inches). Since the change occurreu in
1965/1966, it shoula have impacted the major portion of the
actively flying population of naval aviators ana its effects
should have stapilized prior to the more recent survey.

The agata being examined in this paper are those reportea for all
aircrew and, in the case of passengers, only those designated as DNA orf NFU
(gesignated naval aviator/naval tlight officer, the only passenyer
categories which are consicered a portion of the aircrew population which
were the subject of the previously referencea surveys) involvea in reportea
aviation mishaps for which an MUk or FSR (Meaical Ufficer's keport/Fliynt
Surgeon's Report) was submitted and presentea anthropometric oata for the
indiviqual(s). Tnese data might reflect, to some limited deyree tne
characteristics of those commissioned under the earlier, more restrictive
entrance requirements since the data cover the period from 1 Janaury 1969
through mid-1982, but are likely to represent to a siynificantly yreater
degree the characteristics of those commissioned under the present, broader
entrance requirements. These mishap aircrew anthropometric gata also
reflect to some undefined degree the aifferences between entrance
requirements and requirements for retention of the aviator in whom a
considerable investment has been made and who has acquired the skills ang
knowledye that only post-educational experience can 1nstill; skills and
knowledge that can greatly affect the success of any mission employiny
naval aviation.

PURPUSE UF THE STUDY

There were several purposes in conducting this study of tne MUR/FSK
reported mishap aircrew anthropometric aata. These incluge:

(1) assessing the potential accuracy of the data base available and
means for enhancing its accuracy.

(2) ascertaining the size of tne data base availabie ana especially the
size of the data base remaining after enhancement of the cata
accuracy.

(3) ascertaining whether there might oe oifferent subpopulations
idgentifiaple by type aircraft involvea in the mishap, i.e.,
fixed wing AAES equipped, other fixead wing, helicopters.

(4) ascertaining whether there might oe differences Detween the
anthropometry of mishap aircrew population(s) and the aviation
personnel survey anthropometry ana assessing, if such aifference(s)
exist, the significance and causation of such aifterence(s).
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with respect to the latter aspect and as a consequence of the normal
effects of aginy, in general, upon human antnropometry, the aata reviewea
and presented tor each mishap aircrew population examined inclucdes the aye
gistrioutions.

GENER

Ungerlying this review of the misnap aircrew antnropometry is the
presumption that a sufficiently large proportion of the mishaps are not
caused oy, or seriously aggravated by, aircrew anthropometric factors as to
significantly pbias these data in comparison to the actual naval aviation
personnel population distribution or those of the standard aistriputions
reported in the standara Navy antnropometric stuaies, i.e., that a
sufficiently large quantity of the inishaps occur due to engine malfunction,
inflight fire, flame-outs, and otner types of problems non-anthropo-
metrically induced or aggravated. Although this potentiaiity coula not pe
totally aisproven for the AACS mishap aircrewmen whose cata were examined,
two factors suggested that such a bias probably did not exist:

(1) the iarge number of mishaps involving flameout, engine seizure,
fire, impact of weapons, cold catapult launches, controlleg fiight
into the surface, control systems maifunctions, and similar types
of mishaps for which an anthropometric cause or major contrioution
haa been ruled out Dy the mishap investiyators, ana

(2) tne largely normal aistrioutions for each of the eiynt
morpholoyical features measured, reported and evaluated.

Recently the Naval Safety Center, Norfolk, furnished to the Naval
weapons Engineering Support Activity, washington, D.C., expancea MUR/FSK
computer tapes, including data for non-AAES equipped fixed wingy aircrafrt
ana rotary wing (helicopter) aircraft mishaps. The anthropometric cata for
these mishap aircrewmen have been examined in a manner similar to that
employed in examining the AALS equipped aircraft mishap aircrew anthro-
pometry to ascertain whether, perhaps, there are two or three, unique
subsets of aircrew populations in the U.S. Navy; subpopulations peculiar to
tneir specific types of aircraft and which, if combined, approximate or
fail to approximate the stangara populations descrived in the earlier
referenced anthropometric surveys.

POPULATION SIZES

For the periog 1 January 1969 through 31 December 1979 there were 9,671
naval aviation personnel involved in aviation mishaps as follows:

1,816 in AAES equipped aircraft

3,929 in nelicopters
3,949 in fixea wing non~AAES aircraft.
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As earlier noted, passengers, except NFU's or UNA's (Naval Flignht Ufficers
or Designated Naval Aviators), i.e., therefore personnel who would be
represented in the earlier referencea stanaara aircrew anthropometric
surveys, are excludea from these data andg the enclosed yraphs and tabies
since the purpose of this paper is to examine the relationship, if any,
oetween the anthropometry of mishap aviators with the representative
aviator populations created, measured and analyzed in the antnropometric
surveys. At this stage, however, t.-2 data have not been sortea oy
commissioned officer and enlisted aircrew status. Etnlisted aircrew
personnel are not numerous in AAES equipped aircraft put are in fixed winy
aircraft not equipped witn AAES and in helicopters.

A brief summarization of the population sizes for each morpholoyical
feature reported in MORs/FSRs ana the features evaluated in the previously
referenced paper are depictea in Table I.

TABLE 1

COUNTS UF MISHAP ARIRCREW FOR WHOM SPECIFIC MORPHOLUGLCAL LINFURMATIUN
WAS FURNISHED
bY TYPE MISHAP AIRCRAFT CLASS

AAES EWUIPPED  HELICUPTERS FIXED WING, ALL
ALRCRAFT NUN=-ARES MISHAP
AIRCRAFT AIRCRAFT
Total aircrew 1793 3929 3949 9671
Height 1679 1347 1384 4410
weignt ley7 1346 1386 4449
Sitting heignt 1557 840 945 334z
Trunk heignht 1518 817 922 3257
Functional arm 1389 751 858 2998
reach
Buttock knee 1507 814 926 3247
lengtn
Leg length 1524 811 923 5258
Shoulger widgth 1513 812 918 3245
Age 1765 1504 1527 4796
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Examination of Table I quickly reveals serious imbalances mereiy 1n
the quantities of gata presented even before the cata are examinea for
reasonableness. The AAES mishap aircrew anthropometric ocata represents a
disproportionally large seygment of the total cata for all morphoioyical
parameters, even for the three commonest ano easiest obtaineu parameters,
height, weight ana age. Tnis extreme impbalance as set fortn in Taotes I1
and III strongly suggests that (1) the compined misnap aircrew
anthropometric gata mignt not be representative of the actual Naval aircrew
population and (2) the helicopter and fixed wing (non AAES) subpopulations
might not be representative of their segments of actual Naval aircrew
populations.

TRBLE 11

PER CENT MISHAP AIRCREW FOR WHOM MORPHOLUGICAL INFORMATION WAS FURNISHED
BY TYPE MISHAP AIRCRAFT CLASS

AAES EQUIPPED HELICUPTERS FIXED WING, ALL
AIRCRAFT NON=-RAES MISHAP
AIRCRAFT AIRURAFT
Total aircrew
Heignt 93.64% 34,28% 35.05% 45,6U%
weignt 94.09% 34.26% 35.10% 45.6%%
Sitting neight 86.84% 21.38% 23.93% 34.56%
Trunk heignt 84.66% 20.79% 23.35% 33.66%
Functional arm 77.47% 19.11% 21.75% 31.00%
reach
Buttock knee 84.05% 20.72% 23.45% 33.57%
length
Leg lengtn 85.00% 20.64% 23.37% 33.69%
Shoulder wigth 84.38% 20.67% 23.25% 33.53%
Age 98.44% 38.28% 36.67% 4y,.59%
1-342
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TABLE Il

PERCENTAGE UF ALL MISHAP AIRCRAFT MISHAP AIKCREW MORPHOLUGICHL
INFURMATLUN FUNNISHED RESULTING FROM AARES EWULPPED AIRCKAFT
MISHAP AIRCRes MURPHOLUGICAL INFURMATION FURNISHEU

Totai aircrew

Height

weight

sitting heignt

Trunk height
Functional arm reach
Buttock knee length
Leg length

Shoulder width

Age

18.54%
38.07%
38.18%
46.59%
46.61%
46.33%
46.41%
46,78%
46.65%

36.8U%

In agdition to creating the above illustratea imbalances ana raising
the previously cited doubts concerniny representativeness of tne
populations, this gross failure to furnish tne MUKR/FSR reqguested minimal
anthropometric data weakens and quite likely invalicates stugies assessing
the role of aircrew anthropometry in the causation of emergencies and in

the prevention of tneir progressing into misnaps.

POPULATION CHARACTERISTICS

In the earlier referenced paper the data were presented in several
forms. First, in tables illustrating 3rad and 97th percentile limit values
for each morphological feature, the numbers of mishap ARES aircrew falliny
into each of the extreme tails, numoers of indiviouals for whom values were
not reported, and the number for whom values were reportea. Second, in
graphs of aircrew aistribution vs. morpnological feature values and, thirag,
in aircrew percentile vs morphological feature values.
extremely large lack of data for helicopter ano fixea wing (non AAES)
aircraft mishap aircrew and the questions that the problem raises, the
latter cata display formats were also plannea to be employed in tnis paper.

1-343

Despite tne




-

DATA PROBLEMS

As in the AAES misnap aircrew population data, these non-AAcS tixed
wlng ana rotary wing aircraft aircrew cata contain several significant
problems, especially incomplete gata and seemingly Obvious errors, €.g.,
one rotary wing aviators's stature 1is reporteg as <o inches, alitnough, as
gepicted in Fagure 1, it was initally facetiously suggestea that pernaps
this was his post crash stature. However, unfortunately, further
examination of this inaiviaual's anthropometric data which incluge his
weignt as 670 pounds (over 1/3 of a ton!) indicates that the explanation is
to be founa not in his being altered in appearance in the mishap, out
rather in errors of measurement, recordation ang/or transcription. Such
errors significantly reaucea the already small data populations.

METHODS FUR DETECTING PRUBABLY ERRONEQUS ANTHRUPOMETRIC DATA

In last year's paper, as a service to current ang future anthro-
pologists or otners interested in the extreme variations occasionally
opserved in human forms ang proportions, tne most interesting of these were
presented as A Gaggle of Naval Aviation Anthropomorphs. After reviewing
the larger quantities of cata availavble for analyses covering misnap
aircrews in all types of Navy aircraft, it slowly became apparent that
these anthropomorphs were to be discovered amony all of the aircrew
populations, that they were not ingigenous only to AAES equipped aircraft
aircrews. Therefore presented with this paper as a furtner service to
anthropologists is The U,.S. Naval Aviation Antnropomorpn Competition
Amongst Mishap Crewmembers in Helicopters, Fixeua Wing Aircraft without
AAES, ang Fixed wing Aircraft with AAES, (Figures 2 througn i8). This
author has as yet not personally met or observed any of tnese
anthropomorpns put is constantly on the lookout for them since the flignt
surgeons' documentation clearly sugyests that tney are not so rare tnat one
woulo seldom expect to meet one within the naval aviation community.

The collections of naval aviation antnropomorphs aisplayed in last
year's paper and in this one, humerous as they may seem, were presentea not
simply in fun but to illustrate a simple point: erroneous anthropometric
data have been and are entering the MORs/FSRs (Medical Urficer's
Reports/Flight Surgeon's Reports). How serious is the prooiem? There are
two measures of that: (1) the guantity or proportion of the data which is
erroneous and (2) the consequences that flow from the entry of erroneous
data into the agata banks and the criticality of their subsequent usage. At
the moient quantifying the first measure is difficult ana is, in fact, a
major subtask of this effort to examine mishap aircrew anthropometric
data. Wnen considerea in conjunction with tne extremely large failure to
obtain and report mishap aircrew anthropometric data, even small error
rates have a very major impact upon the cgata base anag its validity ana
usefulness. As would be expected, as a consequence in part of the varyiny
agifficulty in measuring each of the eight morpnoloyical parameters, the
guantity of definitely erroneous and suspected erroneous data for each of
the eight parameters reported in MURS/FSRs varies consigerably. As for the
second measure, consiger but a few of the past and potential uses of tnese

1-344

Yo——n

- .
e ] me—— ——

—aus g
——e —oa ann .



s wmm @HE R

gata: searching for antnropometric patterns which might nave causea,
contributea to or prevented the correction of, the conaitions resulting in
mishaps; verifying the in-service aviation populations' anthropometry and
anthropometry trenas for dgesigners of crew stations, life support ana
flignt equipments, and ejection seats tc assure proper accommodation or
fit; formulatiny policies concerning aircrew size for various aircraft to
assure aircrew safety; and assessing future recruitment policies.

It is important that these mishap aircrew anthropometric data be
obtained, screened ang entered into the FSR. It also is incumbent upon
those who would use the resultant data panks to first carefully screen the
data to identify and eliminate from their analyses those cdata whose
characteristics, whether as singular data or in combination witn other
data, suggest a high probabiiity that tne oata are erroneous.

Tnere are a number of simple to use, fairly effective screening
techniques available both for the medical officer preparing an FSR ana for
the data analyzer. The simplest is to review the data against existing
standards imposed for entry i1nto the service and into tne particular sector
of the service in which the mishap crewmemoer (or passenger) is serving.

In the U.S. Navy these stangards are listed in the Manual of the Medicai
Department, U.S. Navy. In preparing the FSR, however, entrance stangargs

data such as those uisplayed in Tables 1V througn VI must be used with
caution for the inaividual might have entered under older, different
standards or received a waiver and, in adaition, the standards for
retaining a member of the service after tne service has made a major
investment in that crewmemoer's traininyg ang builging experience are often
significantly aifferent from the entry standards.

Another screening technique evolves from the requirement expressed in
the Manual of the Medical Department, U.S. Navy for those incividuals
admittea to the service to be generally well proportionea (which causes
this author to wonager: From whence cometh the wonderful anthropomorphs so
frequently reported present in the naval aviation community?). Tnere
therefore does exist not only the cbvious range of errors which snould be
readily, visually detectable (the anthropomorph collections, for example),
but also a yeneral proportionality for the range of human sizes admitted to
and retained by the services that permit the generation ot morpholoyical
feature measurement comparisons by both additive/subtractive techniques ana
ratios techniques with reasonable expectations that the resultant
comparison values will lie within certain bounds unless one or more of the
basic recorded measures are in error. A major portion of tne effort
expended to date has been to test several means which have been recommenaed
to this project for screening anthropometric aata. Several of these
screening techniques and their associatea "normal" value ranges are
illustrated in Table VII. Figure 19 illustrates the methodology tinally
developed and employed during this study for combining all of the available
information concerning aircrew morphological parameter "norms" and
"extremes" for screening the mishap aircrew anthropometric oata. The
impact of these first stayge aamissions standards ang then secono stage
Table VII asterisked (*) screening techniques upon the mishap aircrew
anthropometry data is demonstratea in Tavles VIII througn XIII.
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EVALUATION UF MISHAP AIRCREW REPURTED ANTHROPUMETRY

As shown in Tables VIII ana X1II, the screeniny technique iilustrated
in Figure 19 and employing tne admission to commissioned aviator service
values of Table VI and the recommended limit values of Table VII signifi-
cantly giminisnea several populations of misnap aircrew morpnological
values in each class of mishap aircraft. The admissions stancards staye ofr
the screening process eliminated a large proportion of the data responsible
for the creation of the antnropomorph collection. Trunk height and
shoulder width, not being governed by admission standaras were checked
against the first ana ninety-ninth percentile vaiues of the reference 2
survey. Large numbers of values fell outside these limits, nowever, many
of these were very close to the limits ang tneir elimination at this stage
is difficult to justify. Since the survey miynt contain biased
populations, it is possible that this screening eliminates valio values.

The asterisked (*) second stage screening rormulae appear, as shown 1n
Table XII, to perform at or pelow the expected reject rate. However
several of tne non-asterisked formulae would induce extremely niyh rates of
rejection among what otherwise appear to ve validg gata. Une prowlem wnich
will pe examinea furtner ana reported on later is establishiny cross-check
screening formulae to assist in establishing which specific vaiues are
questionable to thereby avoid the present situation in whicn a screeniny
formula result that is out of pounas requires rejection ot aii values used
in that formula.

CUNCLUSIUN

Tnere is an unacceptably low amount of anthropometric cata oeing
furnished for mishap aircrew, especially those involved in helicopter ang
fixea wing (non AAES) aircraft mishaps. This proulem is compounded by the
large proportion of data evidencing errors, many of which can be readily
detected Dy simple arithmetic comparative checks and common sense. It is
probable that a great many of these are simple errors of transposing
numbers, incomplete entries, and entering tne gata into tne wrony box;
errors which the exercise of self-imposea quality control shoula detect
anyway .

Tnere is needed a better system to acquire and maintain current naval
aircrew, both commissionea ana enlisted, anthropometric data ana to input
that data into the mishap record. The Naval Air Test Center, Patuxent
River, is currently geveloping & measuring system which is expecteg to ve
simple and easy to use ana wnich will contain puilt-in error screeniny
procedures. It is anticipated that operation of this system to acquire
accurate measurement of the vasic, primary interest aircrew morpnoloyical
features will not require nighly trained personnel and that tne collection
of eacn inaividual's data will be accomplishable in a matter of only a few
minutes. With such a system, an individual's anthropometry recoras coula
ve periodically upcated. Eventually, a total measuring, gata storage and
cata retrieval system mignt permit the Naval Safety Center, Norfoik, to
access the system airectiy for each mishap crewmember's antnropometric cata
ang eliminate the current burdensome and error prone approach.
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until that system has Deen cgevelopea, procured and placea in operation,
the careful assistance of the medical personnel preparing the FSR is neecged
to ensure that the anthropometric cata are obtained anag accurately
presented in the FSR for each mishap aircrewmember. These data are neeged
to permit fulfillment of a multitude of critical, aircrew safety relatea
and other important requirements. Measurement, transcriptional ana other
errors as well as the failure to furnish the requireg FSk cata at ovest
preclude fulfilling these requirements and, worse, might in fact oe
misleading with long term adverse effects upon aircrew safety and other
aircrew relatea matters.

Note: Uevelopment and presentation formatting of tne vata useud herein are
the result of the efforts of Messrs. Robert Cox ang Lanny Moffett
and Mrs. Joyce Roy. Cartoons of antnropomorpns arawn Dy Mr. Marlon
Le“e.
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TAbLE 1V

15~19. Heiyht, weight, ang oody suild

(2) Weignt.-The applicant snall pe weiygnea, 1n ungeryarments
only, on a standard set of scales which is known to be correct. Tne
weignt shall pe recorded in pounds (witn Kiloyrams shown 1n
parentneses). Fractions of poungs shall not De recordea. To convert
to kiloyrams, multiply pounas Dy U.45. Tne applicant's weilght snoula
oe weli distriouteu and in proportion to aye, sex, ang skeletai
structure. Tne tollowiny tavbies (1,2, ana 5) set furtn the suygyesteu
minimum ang maximum weiygnt limits as related to aye anu heiynt. Tne
tables are provided &$ a yulde to mealcal examiners ang shNoulc Not be
construea tou strictiy. For example, an indivioual may tall petween
the extrewes of the minimum ana maxlium and be NOL Guallfieu Decduse
of markea variations in physical proportions. An applicant, nowever,
whose weight falls at the extremes of either the MLINLMUM OL kX LIKMN
range is acceptable only if applicant is obviousiy active, of firm
musculature, ang evigently vigorous and neallhy. #nen Joubl exists as
to proper proportionment, pnotoyrapnhs taken in appropriate attire
(sucn as batning suit) to show trunk and Limo gevelopment snould e
forwarged with tne physical examinatlon report to tne bureau for
consigeration; this applies ailso to inaividuals avove The waxlmum
weiynt wno present proper proportionnent and are evicently viyorous
ang healthy.

Tanle 2. weight stancaras for Navy ano Marine Lorps aviation
personnel, incluuing aviation officer candigates

Heiynt (lnches) o4 65 o6 67 66 oY
(Centimeters) (162.56) (le5.lu) (167.64) (l7U.18) (172.72) (175.46)
70 71 72 73 74 75
(177.80) (18U.34) (lus.bo) (L85.42) (187.96) (19u.50)
76 77 78
(193.04) (195.58) (199.12)
Weight
Minimum (poungs)... 105 106 107 14l 115 119
(kiloyrams).....(47.25) (47.70) (4b.15) (49.95) (5L.75) (53.55)
123 127 131 135 13y 145
(55.35) (57.15) (58.95) (60.75) (62.55) (64.35)
147 51 155
(06.15) (67.95) (68.85)
Maximum (pounds)... leu 165 17U 175 16l 180
(kilograms) (72.00) (74.25) (76.5V) (78.75) (ol.45) (83,70)
19¢ 197 <U3 U9 214 19

(86.40) (B8.65) (94.35) (94.U5) (96.30) (98.55)

Y4 230 255
(L01.25)  (lus.5) (105.75)

Source: Manual of the Medical Departinent, U.S. Navy (15-19)
Change 95 oated <5 NOV 19§U
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TABLE V

15-19. Height, weignt, and Sody build

(1) Heignt.-The applicant's height shall be measu. "1 in inches to
the nearest one-half inch (1.27 cm) (aviation to tne nea. -t tentnh of
an inch (0.25 cm), art. 15-70(4)(a)(3)), without shoes, by a measuring
scale known tc be accurate. Height shall be recordea in inches (witn
centimeters shown in parentheses). To convert to centimeters multiply
inches by 2.54. The table below sets fortn the minimum and maximum
height acceptable for the several categories of naval service.

Minimum and maximum standards of neight

Category M1nimum Max 1aksn
in, cm
1, Officer Training Programs:
a. Unrestrictea Line Input....62 (157.48) *
b. Restricted Line & Staff
Corps InNput..ceencesencesses6l (152.40) *
c. Marine Corps, All
PrOgramS.cceeseasescccescssbbd (le7.64) *
2. Appointment; USN & USNR:
a. Unrestricteq LinB..cceeee..62 (157.48) *
b. Restricted Line & Staff
COIDS..........-..........-60 (152-40) *

c. Warrant Officer & Limintec
Duty Officer:
(1) Deck, Operations &
Uranance Designators..62 (157.48) *
(2) All uther Designators. .60 (152.40) *
3. Rppointment, USMC, USMCR:
a. All Categories, Including

wo.o.‘.........00000000000066 (167064) *
4. Navy ang Marine Corps,
Females:
a. All Categories....ceeeeseee60 (152.40) »

*maximum height for all categories is 78 incnes (198.12 cm).

Source: Manual of the Meaical Department, U.S. Na
(15-1%) Change 95 oated %5 Nov 1980
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TABLE VI

1570 (4) Height and Weight (qualification for duty involving flying)
minimum max imum

(in/cm) (in/cm) ,
(a) Height 64/162.56 78/198. 12 :
(b) Sitting Height 32/81.28 41/104.14
(c) Buttack Leg Length  36/91.44 50/127.00 |
(d) Buttock Knee Length 21.9/55.63 28.0/71.12 i
(e) Functional Reach 28.0/71.12 -—

{3) These measurements shall be obtained on all class 1 personnel
?nd nava% flight officers and recorged to the nearest tenth of an incn
0.25 cm

Source: %& of the Meaical %t«mt. U.S. Navy (15-70)
e ed v

b ol o

[T
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TABLE Vii

Recommenged Screening Techniques With Limit vaiues For An
InonguuaI's %mqu

2.
3-
‘o
5.
6.
7-
8.
9.
10.

11.
12.

Derivea Value Lower Limit Upper Limit
(1st Percentile) (99tn Percentile)

Agditive/Subtractive

I SA-W+ 9.90 14.30

2. SH + BLL 72.10 88.70

3. W+ 2XFR 74,40 94.00

4. BLL - BKL 15.20 22.50

5. (SH + BLL)=H * 6.90 12.80

6. (SW X H)/100 * 10.60 le.10

7. SW/FR # u.49 .67

8. TH/FR 0.65 U.89

9, SH/H » 0.50 0.56

10. BKL/BLL * 0.50 .62

11, TH/SH 0.6l u.73

12, H/(SW + 2 X FR) 0.7y U.%0

EXPLANATIONS

1. Sitting height (SH), trunk heignt (TH) comparison yielainyg an

approximation of head and neck height.

Sitting height (SH), buttock leg length (BLL) comparison yielaing
an approximation of stature.

Shoulder widath (Sw), functional reach comparison yielding an ap~
proximation of total finger tip to finger tip outstretched span.
Buttock leg length (BLL), buttock knee length comparison yielaing
an approximation of lower leg length.

Sitting height (SH), buttock leg lenyth (BLL) approximation of
neight comparison with heiynt.

Shoulder width (SW) and height (H) comparative ratio.

Shoulder wiath (Sw) andg functional reach (FR) comparative ratio.
Trunk height (Th) ano functionai reach (R) comparative ratio.
Sitting neignt (SH) ano heignt (H) comparative ratio. ‘
Bugock knee length (8KL) and buttock ley lenygth (BLL) compartive
ratio.

Trunk neignt (TH) and sitting neiynt (SH) comparative ratio
Heignt (M) ana constructed span (see 3) comparative ratio.

FOOTNOTES
1. An asterisk (*) ingicates tnose comparisons technigues consicerea

2.

to yielo the vest results - - techniques numoers 1, 5, 6, 7, 9, ang

luO

Source: Private communications between the author anc Lcar.
Mothersheaa, MC, USN.
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HELICOPTER AIRCREWMAN

STATURE: 26 INCHES
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AULENDUM A
T

U.S. NAVY AVIATION MISHAP AIRCREW ANTHRUPUM:TRY

1 January 1969 through 3. December 1979

(Consisting of data distribution tables, frequency O1STIlOUL1ON CNArts anu
cumulative percentage gistrioution charts for mishap aircrew weignt,
stature ana sitting heilght which were prepareu foilowiny compietion of the
Dasic paper.)
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TABLE A-1

PERCENTILE VALUES FOR FULLY SCREENED ANTHROPOMETRIC
PARAMETERS BY AIRCRAFT TYPE

-

WEIGHT
NATC MALE FIXED WING FIXED WING
PERCENTILE VALUE (AAES) (NON-AAES) HELO ALL
3 132 140 140 137 140
50 169 172 172 170 17
98 215 210 210 214 210
STATURE
NATC MALE FIXED WING FIXED WING
PERCENTILE VALUE (AAES) (NON-AAES) HELO ALL
3 66 66 66 66 66
50 70 70 70 79 70
98 75 75 75 75 75
SITTING HEIGHT
NATC MALE FIXED WING FIXED WING
PERCENTILE VALUE (AAES) (NON-AAES) HELO ALL
3 34.4 34.8 34.9 35.0 34.7
50 36.8 36.9 36.9 37.0 36.9
98 39.5 39.2 39.2 . 39.4 39.3
|
|
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GRAPH VALUES AND SUMMARY STATISTICS FOR FULLY SCREENED

TABLE A-2

ANTHROPOMETRIC PARAMETERS BY AIRCRFT TYPE

WEIGHT
FIXED WING (AAES) FIXED WING (NON-AAES) HELICOPTER ALL
WMEASUREMENT
STATISTIC OBSERVATIONS CUMM % OBSERVATIONS CUMM % OBSERVATIONS CUMM % OBSERVATIONS CUMM %
121-130 3 .18 6 .44 11 .83 20 .46
131-140 53 3.4 53 4.3 58 6.2 164 4.2
141-180 148 121 138 14.4 152 16.6 436 14.2
151-160 248 27.0 177 27.4 221 33.3 646 29.0 |
181170 336 47.2 280 47.9 253 §2.3 869 49.0
171-180 384 69.0 274 68.0 234 70.0 872 69.0
181-190 293 86.6 211 83.4 ias 84.1 692 84.8
191-200 128 941 142 93.8 121 93.2 389 93.8
201-210 73 98.5 68 98.1 66 97.4 187 98.1
211-220 25 100.0 25 99.9 32 99.8 82 99.9
221-230 o 100.0 1 100.0 2 100.0 3 100.0
NO. OF
INDIV. 1667 1368 1328 4360 ,
{
MINIMUM 128 129 128 128 g
MAXIMUM 220 221 222 222 :
RANGE 92 92 24 a4 |
MEAN 172.6 172.8 1719 172.1 ! |
8T. DEV. 17.81 18.64 19.36 18.42 !
|
\
¥
1382 i,
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TABLE A-3

GRAPH VALUES AND SUMMARY STATISTICS FOR FULLY SCREENED
ANTHROPOMETRIC PARAMETERS BY AIRCRFT TYPE

STATURE
PIRED WING (AASS) MNED WING (NON-AASS! HELICOPTER ALL
MASURIMNT/
STATHTR OBBERVATIONS CUMM % OBSERVATIONS CUMM % OBSERVATIONS cuMM % OBSERVATIONS CUMM %
(7Y 3 .20 3 28 9 .08 1% .38
] 12 .08 16 1.6 17 2.2 46 1.8
e a4 3.9 38 4.7 37 8.3 119 4.5
[ 1) 101 10.8 82 1.4 93 13.1 276 11.6
. 181 204 126 218 120 23.1 397 21.7
] ] 198 334 m 35.8 133 343 502 334
70 ass 50.1 189 st.4 192 50.4 838 50.6
n 283 67.3 178 65.8 188 688.1 827 68.5
72 218 21.4 190 81.4 182 81.4 587 81.4
73 123 2.8 98 89.8 98 89.¢ 319 89.5
74 | L] 9%.8 62 94.8 83 94.9 221 5.1
% ' 34 98.0 43 98.1 39 98.2 116 98.1
70 19 9.3 15 9.3 19 98.7 83 99.4
” ] L B 7 9.9 3 100.0 19 99.9
'!. 2 100.0 1 100.0 0 100.0 -3 100.0
NO. OF
DNV 1828 1217 1193 3936
L] L ee .4 64
MAKRIUNM b4 7 77 78
RANGS 14 14 13 14
MEAN 708 704 70.4 70.%
7. DAv. 234 2.42 2.40' 2.40
|
(
1-383 :
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TABLE A-4

GRAPH VALUES AND SUMMARY STATISTICS FOR FULLY SCREENED
ANTHROPOMETRIC PARAMETERS BY AIRCRFT TYPE

SITTING HEIGHT
N FIXED WING (AAES) owmamonas | nn:cm ) : L- il
STATISTIC OBSERVATIONS CuMM % OBSERVATIONS CUMM % OBSERVATIONS CUMM % OBSERVATIONS CUMM %

33.133.5 3 22 s 64 1 18 8 29
33.6-34.0 8 81 3 94 6 1_.04. 17 ) o )
34.1.34.5 25 2.7 13 2.7 16 33 53 28
34.6-35.0 52 6.5 30 6.7 23 6.7 108 66
36.1-36.5 92 13.3 49 13.3 54 14.8 196 13.7
35.6-36.0 173 26.1 96 26.2 67 24.8 33e 25.8
36.1-36.5 189 40.0 125 43.0 102 40.0 418 40.8
36.6-37.0 232 57.1 1 58.3 122 58.2 468 67.7
37.1-37.5 203 72.1 103 72.2 81 70.3 a7 7.7
37.6-38.0 178 85.2 96 84.9 85 83.0 368 84.6
38.1-38.5 100 92.6 57 92.6 56 81.2 212 923
38.6-39.0 60 7.0 EY) 96.8 37 96.7 128 96.9
39.1-39.6 24 98.8 18 99.2 .16 99.1 68 99.0
39.6-40.0 1 99.6 1 99.3 6 : 100.0 18 99.8.
40.1-40.5 5 100.0 4 98.9 o | 1000 9 | 1000
40.6-41.0 0 100.0 1 100.0 0 100.0 1 100.0

NO. OF ,

INDIV. 13885 744 670 2768

MINIMUM 333 33.2 33.5 33.2

MAXIMUM 40.6 41.0 40.0 41.0

RANGE 7.2 7.8 6.5 1.8

MEAN 36.9 36.9 36.9 36.9

ST. DEV. 1.17 1.19 1.21 1.18

1-384
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AIRCREW AUTUMATED ESCHAPE SYTEMS (HAES) MAINTENMNUE LAUSEV
AIRCREW AND MALINTENANCEMAN FATALITIES AND SEVERE INJURIES

Frederick C. uwulld
ABSTRACT

An often iynorea proolem concerning escape systems is the rutle ot
maintenance error in tnhe prouuction of injuries and fatalities amony
alrcrew ana groundcrew as well as oamaye to alrcrart ana faciiltles.
Reasons for ignoring this proolem inciude the interreiationsnhip Detween
design and maintenance error, the high rate ot major escape system
c7 nponent non-recuvery, and the lack of appreciation among investiyators of
the often subtle manner in which such errors can induce maifunctions.
Recent examination of investigators' reports revealed a number of potential
maintenance error inducea system malfunctions wuring the perioas 196i
through 1965 ana 1969 tnrough 1979, suggesting the problem has and does
exist ana may be significantly affecting aircrew safety.
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AIRCREW AUTUMATED ESCAPE SYSTEMS (AHAES) MAINTENANCE CAUSED
AIRCREW AND MAINTENANCEMAN FATALITIES
1 NJURIES

fFregerick C. uyuiil

INTRODUCTION

Since the advent of ejection seats in U.S. Navy aircraft in the late
1940's, the Navy has continuously and vigorously sought ways to provide
aircrews with means for safe escape from an increasingly yreater range of
emergency conditions, incluading, especially, emergencies occurring at low
altitudes. This effort largely has been accomplished by automating ail of
the escape sequence events and functions except those of recognizing the
need for escape and initiating escape.

Some of these efforts, as for exampie tne introouction in the micalie to
late 1950's of the zero delay lanyara (ZDL) which, when connected, pulled
the parachute pack actuator arming cable as the seat was ejectea Lo reauce
from the pasic system operating timing the time until parachute pack
opening and the subsequent deplioyment ana filling of the parachute. The
zero delay lanyard, however, required aircrew actions such as connecting
the lanyard before take-off, disconnectiny the lanyara when passing throuyn
a prescrived altitude during ciimbout, ana re-connecting the lanyaro wnen
passing through a prescribed altitude ouriny the agescent for lanoing. Many
aircrew ejected at low altituces following take-off or while approachiny
for lanaing having forgotten to connect the zero aelay lanyaro; while
others ejecteo at nigh speeds having failed to disconnect the lanyard as
prescribed. Ejection at low levels witnout the lanyara connected cost
precious time for the arming cable then would not bpe pulled until man ana
seat had separated a sufficient distance witn agequate force. tjection at
high speeas with the lanyard connected resulted in insufficient ejectee
deceleration hefore parachute opening with consequent very high opening
shock loads, frequently resulting in considerable damage to the parachute
with consequent injury or death of the ejectee as a result of too hign
speed contact with the surface.

As a consequence, designers sought means for enhancing escape
performance without relying upon aircrew pre-manipulation of escape system
elements. These efforts, attemptiny to strike a balance oetween high speea
deceleration requirements and the need for low altitude escape, tenaed
towards designs which projected the seat ano man on nignh, lony trajectories
and used an assortment of mechanical lanyaras, strikers ana triproas to
initjate the events and functions of the escape sequences or to initiate
the ballistic sequencing of these events and functions. These designs
shifted a large portion of the burden for assuring escape system proper
functioning from the indivioual aircrewman onto the escape system
maintenance personnel, for, if after an ejection seat nao been re-installea
in the aircraft these same mechanical actuator gevices were not reconnecteu
or repositioned, an ejectinyg aircrewman woula not nhave the ejection
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sequence events and functions performed automatically. unger these
conaitions (i.e., failure of automatic sequencing) the ejectee's survival
would cepena upon the altituce, speea ana attituge of the aircraft at
eJectlon (determining time to surface impact of tne seat ana iman) ana tne
ejectee's apility to recognize the situation and to actuate each subsystem
manually in proper sequence. On the other nana, shoulig a seat oe removea
without first disconnecting or repositioning these mechanical actuator
devices, the devices and subsequent events ana functions woula e actuatea,
often with dire consequences to the maintenance personnel or nearby
personnel, as well as to the aircratt ang facilities. Compounainy this
problem was the fact that it was aifficult both to reach ana connect/
disconnect or position and to visually check many -of these mechanicai
actuator devices both auring ejection seat installation and afterwards when
inspectors checkea the quality of the re-instaiiation. .

The proolem became more severe as the Navy recognized that a large
number of ejections were occurring out of the escape systems' performance
envelopes and also that many emergencies were occurring outside those
envelopes thereby inducing aircrew to attempt to stay with ana controli tne
aircraft through its surface impact. Hotnh approaches were producing
unacceptabple fatality rates. Accoruingly, Navy escape system
specifications began requiring not only low level, upright escape
capability, but also iow levei, aaverse attituge ana low ievei, hiygn
descent rate escape capabilities. At the same time, as a consequence of
concern reyarding both the numoers of ejectees seriousiy or fatally injurea
as a consequence of maintenance errors and the numbers of maintenance
persannel sustaining serious or fatal injuries whiie maintaining these
complex ana necessarily potentially dangerous life ‘saving equipments, the
Navy specifications began imposing stringent oesiygn, evaiuation ana test
requirements aimea at increasing aesigner and evaluator consciousness of,
ana attention to, avoiding tnese probiems.

It is too early in the history of the two ejection seats, SIILS~3
series and MklO series, recently procurea unger these more stringent
requirements, to determine whetner major progress in reducing maintenance
errors and maintenance error caused injuries ana fatalities has resuited
from these new ano more stringent reguirements which were deveioped and
implemented in Navy specifications issued oetween 1570 (M1L-S-18471D,
MIL-E-9426D and AR-498) and 1978 (MIL-S-18471F, MIL~E~9426F and
MIL-STD-2067). However, it is the purpose of this ana iater papers to
gocument, to the extent possible, the nature of the provlems ang
experiences which lea to these increasingly stringent requirements anu
whicn, if maintenance errors continue to occur at a significant rate in tne
newer systems, might require devising even more stringent requirements.
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THE DATA

Ouring the period from 1 January 1969 through 31 Decemoer 1979 there
were a total of thirty (30) proven or hignly probable reported serious
maintenance errors among 1,457 ejection attempts (Table I).! These types
of errors of, and by themselves, irrespective of any other factors
associated with the ejection attempts, were capable of causing severe
(major) or fatal injuries among the ejectees (e.g., if the error prevented
catapult firing, the ejectee, unless he succedgea in manually bailiny out of
the aircraft and subsequently manually deploying and opening his parachute,
would sustain fatal injuries in the aircraft crasn irrespective of whether
the attempt was initiated in or out of the escape system performance
envelope). There were 20 serious proolems which prooabity, or gefinitely,
resultea from maintenance errors among 796 overland ejection attmepts
(Table I?) and 10 reported among 661 overwater gjection attempts (also
Table 1I).

Examination of the records during this perioa for the most mogerr: of
the ejection seats in the U.S. Navy inventory shows:

TABLE IiI
TOTAL OVERLANU OVERWATER
EJECTIONS EJECTIONS EJECTIONS
ESCAPACs, IF-3, IG-2,  5/11l1 2/63 3/4s 2
1G-3, 1G-4 (4.505%) (3.175%) (6.250%)
MK A7, Mk F7, 9/569 7/261 2/348
MK GRU7, Mk GUEA7, (1.528%) (2.905%) (0.575%)

Mk GRU7a, MK H7

' An examination of Naval Safety Center, Norfolk, computerizea extracts of
MOR/FSR data for this period, when confined to (1) searching the codifiea
data and (2) in-envelope ejections, reveals only three serious maintenance
errors in AAES. The aaditional 27 instances of serious, life-threatening
potential maintenance error were lacated by tne autnor through applyiny
personal knowledge of systems' designs and functioning ana reviewiny both
the codified and the narrative synopses availabie from the Naval Safety
Center. Based upon eariier studies conducted oy the author, the author
pelieves that careful examination of the original MURs/FSRs for aii of tne
ejection attempts for this perioca will undouotedly reveal agaitional cases;
cases detectable only as a consequence of exercisiny consigerable 1n-geptn
detailea knowleaye of each system wnen examining the records. uften the
reporting officers have found ana recorded extremeiy clear evigence of such
maifunctions out have lacked the requisite knowledye and experience with
the systems and their components, their functioning ana tneir normal
post-usage appearance ana condition, to properly interpret their data.

2 several of these were witnessea by wingmen or reportea by the affected

crewmember by radic and appear to have involveo the fallure of a segment of
the seat-canopy-seat interfaces, in A-4 series aircraft, blocking escape
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In adgition, following one mishap auring tnis period in which it is
believea that no ejection attempt was made, a serious maintenance error
which would have caused serious injury or more probably, fatal injuries
had ejection been initiated, was discovered in the retrievea portions of
the escape system.

Serious maintenance errors in escape systems are not new. Ouring tne 5
year period from 1 January 1962 through 31 December 1966, an investigation
of the mishap records reveals a total of 31 serious proolems wnich
probably, or cefinitely, resultea from maintenance errors among the 1962,
1963, 1964, 1965, ana 1966 ejection attempts.

Tapnle 1V presents for these two separate periods brief narrative
accounts of each of the ejection attempts in which a serious prooien with a
hign potential of being, or proven to be, a maintenance error interfered
with the correct functioning, or nao the ejection seguence not been
interruptea by surface impact, would have interfered with one or more
critical elements ana functions of tne escape sequence. Eacn misnap
description nas been annotated by this author to illustrate the severity of
the problem/error. In the earlier period one type of serious maintenance
error, not fully documented in Table 1V, due to the difficulty of
igentifying the mishaps from the manner in which the mishap gata is filea,
involved the many occasions in which seats raised up partially or totally
fell out of the aircraft auring catapult launch, neyative G manuevers or
inverted flignt. This particular problem caused the loss of lives and
aircraft. Tne particular seats had peen in Navy inventory for several
years and had been maintained by squadrons for several years pefore the
problem emerged, but when it emergea, it gio so rapidily and in sagnificant
quantities, necessitating an extremely urgent design change to reduce its
potential for recurring (it is not nelieved to have recurrea since
completion of the retrofit ana production incorporation of the change).

DISCUSSION

An important ana oft forgotten aspect of any aiscussion of aircrew
automated escape systems (AAES), incluaing aiscussion of serious
maintenance error occurrence/non-cccurrence, is that, as illustrateu in
Figure 1, an AAES is comprised of more than just an ejection seat and that
the proper functioning of each of these aduitional components of the AHES
can be, and generaily is, just as critical to the safety of tne woula oe
ejectee as is the proper functioniny of tne ejection seat atselr. Figures
(2) through (10) illustrate for several specific cases the general location
of the proolems reported to have peen experienced. In eacn of these
instances, as well as in very many otners, tnese problem locations when, as
is possibie in many instances, associated witn ooth tne nistories of the
systems, observed results and investigative results, provige strong
evidence tnat the problem in fact was inaucea oy maintenance error, not
design nor manufacturing error.

(2 cont.) system functioning. Obtaining this information in these ways has
been unique and alters the adata for overwater escapes from the normal
pattern.
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Another factor often forgotten in counting escape statistical aspects,
such as the frequency of occurrence of serious maintenance errors, 1s the
large quantity of ejection seats ana other AAES elements never retrievea
and nence never inspected. This proolem is especially acute among
overwater escape attempts which occur with great freqguency (there have peen
very few exceptions with respect to the loss of AAES followinyg overwater
ejections since usually the probabie location is not known with any
reasonable precision ang the cost of retrieval when the location is known
with some precision generally is very high) ana wnich generaiiy tend to
show a lower rate of occurrence for a given seat than its overlana rate of
occurrence, suggesting that probably many maintenance errors ana,
unfortunately, many of their victims were lost into Davy Jone's locker.

The problem also occurs following overland ejections, however, the acata
reported do not permit an estimation of the ratio of recovered to lost
ejection seats followiny overland ejection. (Examination of ESCAPACs IfF-3,
1G-2, 1G-3, and IG-4 records at first appears to refute the trend. Further
examination however, as footnoted (footnote 2), reveals that tne prooleis
were concentrated in the A-4 series aircraft and, from comments of winymen
and aircrew futilely attempting to eject, a major consideration in these
failures has involved the complex seat-canopy-seat signal interfacing
required, since due to the location of structural beams in the canopy, the
pilot has always been unable to resort to throuyh-the-canopy ejection.
These several mechanisms' designs have requireo extra care ang careful
adjustment during maintenance and have lacked redungancy capable of
by-passing sequence event blockage induced by maintenance error or py any
other cause.) Even in the case of the ECAPACs then, when the
seat-canopy-seat interfacing issue is removed, the trend 1s yreater
reportage of serious maintenance errors for overland than overwater
ejections, but the rw:abers are low.

Yet another factor which influences the discovery ana reportaye of
maintenance errors following usage of an AAES, let alone serious
maintenance errors, is partially aagdressed in footnote 1; the knowleaye and
experience of tne investigator concerning the AAES ana its many components,
their collective and ingividual functioning, ana tneir colliective and
ingividua. appearance and congition after usage, as well as their
proclivity to sustain damage upon impacting the surface. Compounuing tnis
factor is the potential that an activity might oe unwilling to “put itself
on report” by inaicating tne presence of serious maintenance errors,
especially if a life has peen lost ana their resuitant willingness,
consciously or not, to accept any other seemingly plausible expianation
which can pe obtained. Further complications arise from the simple fact
that in many of the instances in which maintenance errors occurrea or were
believed to have occurred, further examination often revealea that the
design of the component(s) and/or subsystem(s) involvea were especially
susceptible to maintenance error -- they could be termed as beiny "overly
human dependent” in their design. Although such design susceptibility to,
or even in some instance tendancy to encourage or promote, errors in
maintenance is important anad requires addressal by all personnei invoived
in the AAES acquisition process (requirements formulators, estimators of
cost and schedule, planners of evaluations ana tests, designers, gesiyn
evaluators, design testers, manuals ana training requirements formulaters,
writers of manuals and training syllabi, evaiuators of manuais ana training
syllabi, ana program managers), the specific issue at hana is: "was there a
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maintenance error committed on the AAtS peiny investigatea and, if so,
exactly wnat was 1t and which components were involved?" Only tnen does
the next issue arise: "Is the design of the affectea/involveda component(s)
and subsystem(s) a contriouting or causal factor of the maintenance
error(s) and, if so, in what manner?" Why is this important? A
maintenance error, especially one in which gesign is a contributing or
causal factor, is a proolem with an often high potential for recurrence as
a perusal of Table IV will reveal. Just as there is a potential tendancy
for not "putting oneself on report" by identifying a problen as a
maintenance error, there is the corresponding, conscious or otherwise,
agesire among designers and those involved in acquiring an AAES to identify
proolems as "isolated inciacents", i.e., incadents wnhich are not likely to
recur. Thus, to a degree, the entire AAES community is uncomfortaple wnen
confronted with an AAES problem which is potentially or, perhaps,
unavoidably identifiable as a maintenance error.

Based upon the data presented herein and the preceding discussion, it
is believed that for the periog from 1 January 1969 tnrough 31 Decemoer
1979, the reported thirty (30) incidents of serious, life-threatening
maintenance errors in AAES (Taole IV) is a conservatively low estimate.
Similarly, the thirty-one incidents reported in the earlier perioa are also
believed to represent conservatively low estimates of occurrence.

CONCULSIUN

Maintenance errors in AALS are presently ana will continue to oe a
proolem; one that has, is now ang will cost aircrew ana maintenance
personnel lives. It is suspected, also, that as a consequence of tne
factors agiscussed and others, that the incidence of maintenance errors will
remain unagerreportea. Where tnhis unoerreportage in fact 1s geiiocerate; an
attempt to avoid "putting oneself on report", a (rave disservice to the
aviation community, both present ana future, is committea for it helps hige
rom the AAES community tne presence of the problem, its cause(s) ana the
need for remedial action(s) -oth in in-service ana future systems. Efforts
are continuiny under tne Aircrew Automated Escape Systems (AKES) and
ARircrew Life Support Systems (ALSS) Equipments In-Service Usaye uata
Analysis Report to iaentify AAES design aspects particularly susceptible to
serious maintenance errors so that remeaial actions can be initiatea as
appropriate. Most of the Navy's current inventory of ejection seat type
escape systems' designs and evaluations predate the strinyent requirements
that originated with the issuance of the D revisions of MIL-5-18471
{design) and MIL-E-9426 (test) and with tne issuance of MIL~STUD-2067 (R/M)
and which were imposed upon the must recent escape system acquisitions now
in service: AV-8A/S111S-3 and F-18/Mk US10S. These more stringent
requirements were also imposed upon the soon to be introduced
A-7/S111S-3ER. Unfortunately, it is ton soon, in view of tne smail
quantities of these escape systems in active Navy inventory and the to-date
short total service lives involved, to evaluate tne success or faiiure of
these design, oesign analyses and design test and evaluation efforts in
reducing the problem of serious maintenance errors OCCuUrring amony
in-service AALS. _
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ESCAPE SEQUENCE FLOW DIAGRAM FOR A-6/|
(SEATS ARE INDEPENDENTLY ACTIVATED E
REF. NO. 82
FACE CURTAIN | EJECTION | vES
»> PULLED YES INITIATED
— T
NO NO [(WHY NOT' APULT
SEAT CA
l ‘ > FRED [T oo
LOWER FIRING 2 EJECTION _‘ ‘
CONTAOL PULLED | ves INITIATED [ ygs NO (WHY NOT)
1 NO IWHY NOT!
NO (WHY NOT!
MANSEAT
AUTOMATICALLY ves oreneD
, J wo %0 MY NOT)
i i s
l YES J )
MANUALLY PULLED . MARUALLY RELEASED
PARACHUTE PARACHUTE PACK ARETAAMNTS AND PUSNED
OPENED YES RIPCORD - AWAY FROM SEAT
NO (WHY NOT) * ; ‘
YES NO ves o
PARACHUTE : umvwmn e —
DEPLOYED AWAY FROM SEAT
(TOO LATE; ‘ *
TOO LITTLE
ALTITUDE) NO NO
) _ R s ity At 8
-—— -




NCE FLOW DIAGRAM FOR A-6/MK GRUS5 ESCAPE SYSTEM
p ARE INDEPENDENTLY ACTIVATED BY EACH CREWMAN)

DROGUES
SEAT CATAPULT ﬂ OROGUE FULLY
————————— FIRED s GUN _——.VES DEPLOYED YES
FIRED & OPENED
NO IWHY NOT) NO (WHY NOT) NO (WHY NOT)
SHACKLE
MAN-SEAT . ‘ PARACHUTE PACK RELEASED o
SEPARATION . e AUTOMATICALLY |e——]  DROGUE |egpma—d ——
AUTOMATICALLY ves OPENED AND YES WITHDRAWAL YES FUNCTIONED YES
OCCURRED PARACHUTE DEPLOYED LINE

NO (WHY NOT) RO (WHY NOT)

[ 1 l
T . v '

NO (WHY NOT)

YES i ‘

7 ‘ ¥

Figure 2.
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ESCAPE SEQUENCE FLOW DIAGRAM FOR F-8
REF. NO. 113 .

FA RTAIN YES
} > CE CuU EJECTION

PULLED YES INITIATED
T T
NO NO (WHY NOT)
CANOPY SEAT CATAPULT |
L '—'ﬂ JETTISONED [Ves j FRED [ vee
1
NO (WHY NOT)
LOWER FIRING EJECTION
CONTROL PULLED [ yes P InmiaTED YES NO (WHY NOT!
NO (WHY NOT) CANOPY
NO (WHY NOTI EMERGENCY ) FACE CURTAIN »
JETTISONED
CANOPY YES YES PULLED YES
JETTISON
HANDLE
PULLED
NO (WHY NOT} Ea
NO
NO LOWER FIRING
CONTROL PULLED
CANOPY YES YES
MANUALLY
UNLOCKED
AND PUSHED
\
INTERRUPTOR AWA —
HANDLE
’——-" YES
ACTUATED NO NO
v {WHY NOT) l
Yis NO (WHY NOT}
‘ NO
NO
| } gr——————
(WATER ONLY) AT ORFOLLOWING ~ | MAN-SEAT
- FREED ] ENTANGUEMENT | (o] SURFACE CONTACT, |eqgund SEPARATION O — PARACHITE
SELF WITH SUSPENSION YES PARACHUTE QUICK YES AUTOMATICALLY ves OPENED
ves ves
[ RELEASE FITTINGS OCCURNED
& ACTUATED CLEARWG
PARACHUTE - ]
O
‘ f . MO (WY NOT)
e
FAEED YES ‘
4'-;4 BY ANOTHER I
PERSON MANUALLY PULLED MANUALLY RRLEASED
PARACHUTE PARACHUTE PACK \ AND FUSHED
; ves MPCORD ey AWAY FROM SEAT
no ’ ; ‘
NO (WHY NOT)
T - -
PARACHUTE ANVALLY RELEAEED
ommoved [ RISTRADITS 40D FURMID
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LOW DIAGRAM FOR F-8/MK F7 ESCAPE SYSTEM

m

SEAT CATAPULT

FIRED

'

NO (WHY NOT)

FACE CURTAIN

YES

PULLED

l

NO

YES

LOWER FIRING

YES

SEAT CATAPULT
FIRED

CONTROL PULLED

YES

l

NO (WHY NOT)

YES

ROCKET
IGNITED ?

!

NO (WHY NOT)

YES

DROGUE DROGUES |
o FULLY
:“UE"‘J YES DEPLOYED YVES
& OPENED
NO (WHY NOT) NO (WHY NOT)

FUNCTIONED YES

NO (WHY NOT)

INOT CONNECTED)
MEQUINED EJECTEE TO
RECOGNIZE PROSLEM AND
PERFORM MANUAL SEPARATION
FROM SEAT AND MANUAL

PACK OPENING | {




REF. NO. 128

ESCAPE SEQUENCE FLOW DIAGRAM FOR A-4 ESC

FACE CURTAIN | EJECTION
PULLED ves ™| imiateo YES
l L
NO NO (wHv NOT) CANOPY SEAT CATAPULY
i ! JETTISONED FIRED £33
- ™
NO (WHY NOT)
LOWER FIRING EJECTION
| UNDERDETERMINED,
conTroL PuLLED[vEs P| mnmaTeD [ves \UNDERDETERMINED) NO IWHY NOT)
* NO (WHY NOT) {
NO {(WHY NOT)
EMERGENCY _.J CANOPY FACE CURTAN SEAT CATAPULT
CANOPY YES JETTISONED PULLED YES FIRED YES
JETTISON
HANDLE
PULLED NO NO (WHY NOT) NO (
NO (WHY NOT)
(UNDERDETERMINED)
NO
CANOPY 3
MANUALLY
UNLOCKED |
AND PUSHED | YES
AWAY
NO (WHY NOT}
{PREPARING TO YES
ATTEMPT MANUAL
BAILOUT)
— v
YES
Figure 4.
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AM FOR A-4 ESCAPACs ESCAPE SYSTEMS

MAN-SEAT U] eamcmmeacx |
SEAT CATAPULT ROCKET YARACHUTE FAC) ,
I o 0 e I T g B
OCCURRED ] paRACHUTE DERLOYED |
NO (WHY NOT) NO (WHY NOT) NO (WHY NOT) NO (WY ; Nom » W‘F;V NoT)
FREED
ves| SBF
’io
FREED
<@—| sy ANOTHER
ves|  Pemson :
!
[ FRECED1iG Fa
Figure 4.
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REF. NO. 334
ESCAPE SEQUENCE FLOW DIAGRAM FOR F-4/MK
FACE CURTAIN EJECTION YES
f » PULLED YES INITIATED
T |
NO NO {WHY NOT)
CANOPY | SEAT ?:TT:PULT fr——
{ " JeTTISONED YES FIRED YES
|
NO (WHY NOT)
LOWER FIRING EJECTION
. ,———» E——
CONTROL PULILY. | ygs INITIATED [ ygs NO I(WHY NOT}
* NO IWHY NOT)
CANOPY FACE CURTAIN
NO (WHY NOT) | EMERGENCY  [~——— errisONED >
CANOPY YES YES PULLED YES
JETTISON
HANDLE
PULLED
NO {WHY NOT)
NO (WHY NOT!
INTERSEAT no
SEQUENCING vES
INITIATED
EJECTION
NO LOWER FIRING
CANGCPY -
My ves |CONTROL PULLEDI= e
UNLOCKED
AND PUSHED
AWAY
———
YES
NO (WHY NOT) L NOo
NO (WHY NOT}
' wo
i 4
" |
FREED (WATER ONLY) AY OR FOLLOWING : . MAN-SEAT
d e ENTANGLEMENT | g ] SURFACE.CONTACY, —— SEPARATION et
ves SELF YES | WITH SUSPENSION ves PARACHUSE GUICK ves | . AUTOMATICALLY ves
LUNES RELEASE FITTINGS OCCURRED
1 ACTUATED CLEARING
NO PARACHUTE .ﬂ I
' i) T
- - J
FREED fres
=  BY ANOTHER
YES PERSON MANUALLY PULLED WMANUALLY RELEASED
PARACHUTE PARACHUTE PACK RESTRAINTS AND PUSHED
‘ ) OPENED YES MPCORD -y AWAY FROM SEAT
o !
NO tWNY NOT) A
NO NO
MANUALLY. NILRASED
DERLOVED ) vai ALY PHON SEAT
wo n
[
_———— -




*OR F-4/MK H7 ESCAPE SYSTEM

FRONT
SEAT CATAPULT
FIRED
NO (WHY NOT)
(INTER-SEAT SEQUENCING
MISRIGGING)
REAR FRONT
—’—-’J SEAT CATAPULT || SEAT CATAPULT
FIRED YES FIRED
NO (WHY NOT) NQ (WHY NOT)
ANTER-SEAT SEQUENCING
MISRIGGING)

OUMICATED FOR
EACH SEAT

AFTER CATAPULY FINING

FULLY
& OPENED

SEAT
IATION
\TICALLY

PARACHUTE

NO (MY NOT

Figure 5.
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REF. NOS. 398, 776, 1243
ESCAPE SEQUENCE FLOW DIAGRAM FOR A-4 E

gl FACE CURTAN | g»| EJECTION
PULLED YES INITIATED  [ves
[} L
NO NO (WHY NOT) CANOPY SEAT CATAPULT
* Y JETTISONED — FIRED YES
I
LOWER FIRING g EJECTION NO tWhY NOT)
i CONTROL PULLED| vES INITIATED {vES L NO (WHY NOT)
: i NO (va NOT) +
! NO (WHY NOT) |
EMERGENCY | ____ g} CANOPY FACE CURTAIN | SEAT CATAPULT
CANOPY YES = JJETTISONED | YES PULLED YES FIRED YES
JETTISON
HANDLE v
PULLED NO NO (WHY NOT}
NO (WHY NOT)
NO
LOWER FIRING
ves |[CONTROL PULLED|YES
; CANOPY
; MANUALLY A
UNLOCKED | g N
AND PUSHED | YES
] Away
NO (WHY NOT)

A

Figure 6.




IAGRAM FOR A-4 ESCAPACs ESCAPE SYSTEMS

PES

MAN-SEAT PARACHUTE PACK
SEATY CATAPULT ROCKET
e FIRED VES I:NI"I(ED P~ SEPARATION 7is P AUTOMATICALLY
AUTOMATICALLY OPENED AND
OCCURRED PARACHUTE DEPLOYED
] t
NO (WHY NOT} NO (WHY NOT) NO (WHY NOT) (PARACHUTE Anmn'e‘ ga‘u 'QEA‘EJ Lu. END RELEASER/ NO (WHY NOT)
NOT INSTALLED IN HARNESS RELEASE HANODLE)
, MANUALLY RELEASED MANUALLY PULLED
'E ves RESTRAINTS AND Pusueo-;e—s—r PARACHUTE PACK -;—E;.,—H r:g:gx;s
AWAY FROM SEAT RIPCORD
NO NO
YES
FREED (WATER ONLY) OWING
ENTANGLEMENT AT OR FOLL PARACHUTE
—]  ser 5| wirh susPensiON [“€7ES]  SURFACE CONTACT, ies]  oeened
LINES , PARACHUTE QUICK
NO v RELEASE FITTINGS
ACTUATED CLEARING
* NO PARACHUTE NO (WHY NOT)
FREED V
«f—] BY ANOTHER NO
YES PERSON
NO
Figure 6.
1-427 )‘
.
L ‘L: _

1
——e

i




ESCAPE SEQUENCE FLOW DIAGRAM FOR F-8/N

REF. NO. 782
3 FACE CURTAIN EJECTION
PULLED YES INITIATED
T Y
NO NO (WHY NOT)
(FAILURE TO CONNECT FIRING CABLES 7O
FIRING PIN SEAR & MISRIGGING CANOPY
INTERRUPTOR CABLE) CANOPY - SEAT CATAPULT
JETTISONED ["yee FRED ves
T
NO (WHY NOT)
LOWER FIRING EJECTION
CONTROL PULLED | veg P NiTiaTen NO (WHY NOT)
' NO IWHY NOT)
CANOPY
NO [WHY NOT) | FACE CURTAIN SE
: ° EMERGENCY =" ermisonen [To7 PULLED VES
CANOPY VES
(FALURE TO CONNECT FIRING CABLES TO
FIRING PIN SEAR & MISRIGGING CANOPY- JETTISON
INTERRUPTOH CABLE) HANDLE
PULLED
No wHy noTi [
NO N(
NO LOWER FIRING
b4
CONTROL PULL
CANOPY YES LLEDE ves
MANUALLY
UNLOCKED
#ND PUSHED
WAY
INTERRUPYOR A _—
HANDLE
_-> Y
ACTUATED €s
NO NO
' (WHY NOT)
YES NO (WHY NOT)
NO
NO +
1
FREED {WATER ONLY) AT OR FOLLOWING MAN-SEAT » "
ARACHUTE
et < ENTANGLEMENT SURFACE CONTACT, SEPARATION L~ -
YES SELF vEs | WITH SUSPENSION YES PARACHUTE QUICK vES AUTOMATICALLY vES OpeneD
LINES RELEA "€ FITTINGS OCCURRED
¥ ACTUATED CLEARING
NO PARACHUTE Bl l
NO
NO (WHY NOT)
vis (
FREED fres
«—=4 BY ANOTHER
YES PERSON MANUALLY PULLED
MANUALLY RELEASED
el PARACHUTE PACK RESTRAINTS AND PUSHED
VES RIPCORD AWAY FROM SEAT
ey
nO : ’
NO (WHY NOT}
YES
NO NO
PARACHUTE | MANUALLY RELEASED
DEPLOYED AND PUSHED
YES AWAY FROM SEAT
"0 *
o




IAGRAM FOR F-8/MK F7 ESCAPE SYSTEM

SEAT CATAPLT
FIRED VES
NO {(WHY NOT)
|
|
DROGUES
EACE CURTAIN SEAT CATAPULY ROCKEY > OROGUE LY
™ euueo T I FIRED YES IGNITED | ves GuN T OEMOYED Yes
Fmen & OPENED
,,lo NO (WHY NOT} NO IWHY NOT) NO (WHY NOT) NO (WY NOT)
L LOWER FEING
Y {cowTor PuLLED el
NO
SHACKLE :
PARACHUTE PACK RELEASED . )
1 . PARACHUTE VES g oy OROGUE i . TR e
Ly ves OPENED m m“ YES |  WITHORAWAL : FUNCTIONED vEs
; PARACHUTE DEPLOYED ; l
o ey NOTH ‘ uocw&vm; NO (WHY NOT)
NO (WY NOT)
h;m’
feat
{ pRECELC FAK
Figure 7.
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ESCAPE SEQUENCE FLOW DIAGRAM FOR A-6
(SEATS ARE INDEPENDENTLY ACTIVATED
REF. NO. 892

FACE CURTAIN EJECTION yes
4» ——’ vy
PULLED YES INITIATED

1 L]
NQO (WHY NOT!

NO
! J SEAT CATAPULT |
i [ FRED s

LOWER FIRING | 2 EJECTION ‘
CONTROL PULLED | ygg INTIATED | ves

NO (WHY NOT}
_T—J l

NO (WHY NOT)
NO (WHY NOT»

A o
T $

IWATER ONLY) AT OR FOLLOWING MAN-SEAT , .
FREED ENTANGLEMENT | g ] SURFACE CONTACT. Leg SEPARATION P ARACHUT
vES SeL¥ <« vEs | WITH SUSPENSION ves PARACHUTE QUICK VES AUTOMATICALLY YES OPENED
LINES ‘ RELEASE FITTINGS OCCURRED
) ACTUATED CLEARING
NO PARACHUTE '
* wo NO (WHY NOT)
ves
FREED l YES
“@—4 BY ANOTHENR
vES PERSON MANUALLY PULLED MANUALLY RELEASED
PARACHUTE PARACHUTE PACK RESTRAINTS AND PUSHED
J [ OPENED VES RIPCORD - AWAY FROM SEAT
No v } ‘ }
NO (WHY NOT) YE
ls NO e NO
DEPLOYED AVAY WROM SEAT
YO0 LATE: ‘ *
700 UTTLE
ALTITUOR) NG [




GRAM FOR A-6/MK GRU7 ESCAPE SYSTEM
NTLY ACTIVATED BY EACH CREWMAN)

DROGUES

EAY CATAPULT 3 D':;OUGNUF FULLY

FIRED YES YES DEPLOYED
FIRED & OPENED

! ! !

NO (WHY NOT) NO {WHY NOT} NO IWHY NOT)

(PACKED TOO TIGHTLY
N HEADREST; SLUG
COULDN'Y EXTRACT

THEM}

(INADEQUATE TIME FOR
EJECTEE TO RECOGNIZE
PROBLEM AND
PERFORM MANUAL
ACTIONS DUE TO
GROUND LEVEL
EJECTION}

PARACHY
PARACHUTE mmrté::f:
Vs OPENED OPENED AND
PARACHUTE DEPLOYED

ot T

. . S U U P




! REF. NO. 895
0.3 SECOND
FACE CURTAIN | EJECTION DELAY
PULLED ves > wmiatep [ves
j ’
NO NO (WHY NOT) CANOPY P sear carapuit
! 1 Jermisoned FIRED
L | T R
LOWER FIRING | EJECTION NO (WHY NOT) NO (WHY NOT)
conTroL puLLED[ves P NmIATED [ves [
F FIRING CONTROL YES
NO (WHY NOT) EMERGENCY HANDLE PULLED [Yre
NO (WHY NOT) [ CANOPY
L JETTISON v
HANDLE NO
PULLED
CANOPY ROCKET
YES © | JETTISONED | YES 1GNITED [ ¥
NO
NO (WHY NOT)
NO (WHY NOT}
CANOPY
MANUALLY
UNLOCKED
AND PUSHED [VES
AWAY
]
NO (WHY NOT)
T A . - e R ~
A -




DIAGRAM FOR A-7 ESCAPAC IC-2 SYSTEM

SEAT CATAPULT
FIRED

v
NO (WHY NOT)
FRECEULLNG Facal g

e

FIRING CONTROL YES
HANDLE PULLED [Trc

NO #
MAN-SEAT

ROCKET
YES IGNITED ————»VES SEPARATION

AUTOMATICALLY
* OCCURRED
!
NO (WHY NOT) NO (WHY NOT)
{NITROGEN BOTTLE
SEAL NOT RUPTURED

TO OPERATE BLADDERS)

Y

MANUALLY RELEASED
RESTRAINTS AND PUSHED
YE AWAY FROM SEAT

y

NO
(INSUFFICIENT TIME TO
RECOGNIZE PROBLEM
AND TAKE MANUAL
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REF. NO. 1682
' > FACE CURTAIN » EJECTION |
PULLED YES WITIATED {YES
v
} 36 NO lW)Jdv NOT)
LOWER FIRING E€JECTION
CONTROL PULLED] YES > INITIATED  |YES
* NO (WHY NOT)
NO (WHY NOT)

(]
i)

I
o
|
i
f
v
P
'

]

ESCAPE SEQUENCE FLOW DIAGRAM FOR A-4 |

CANOPY po-| SEAT CATAPULT

JETTISONED | YES FIRED

1
NO (WHY NOT) {FAILURE TO CONNECT
NO (WHY NOT)  CANOPY-INTERRUPTOR
‘ LANYARD)

EMERGENCY __J CANOPY FACE CURTAIN SEAT CATAPULT]
CANOPY YES JETTISONED PULLED YES FRED VE!
JETTISON
HANDLE 17

PULLED NO NO (WHY NOT}
NO (WHY NOT)
N
° LOWER FIRING
CANOPY
MANUALLY A
UNLOCKED | g
AND PUSHED | YES
AWAY
NO (WHY NOT)
-
-t
Y
Figure 10.




5RAM FOR A-4 ESCAPACs ESCAPE SYSTEMS

URE TO CONNECT
NTERRUPTOR
LANYARD)
MAN-SEAT PARACHUTE PACK
AT o K] omen [ | | sepamamon I il auromaTcALY -
AUTOMATICALLY OPENED AND
OCCURRED PARACHUTE DEPLOYED
T
NO (WHY NOT) NO (WHY NOT) NO (WHY NOT) NO (WHY NoT) NO “';" Noh
MANUALLY RELEASED MANUALLY PULLED
RESTRAINTS AND PU: VS PARACHUTE PACK r—;s—s-ﬂ PARACHUTE
AWAY FROM SEAT RIPCORD DEPLOVED
1] 1]
YES
FREED E‘vdw‘l“m e FOLLOWING
ANGLEMENT . ATOR PARACHUTE
ves| BF &7 wirn susrension [ 7es] sumracecontact. [¥ies]  orener [
PARACHUTE QUICK
NO RELEASE FITTINGS
ACTUATED CLEARWNG
* No PARACHUTE NO (WHY NOT)
FREED v
<—] v AnoTHER A
YES PERSON
NO
| PRECEDLG PAGH
Figure 10.
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ARc TWU TYPES OF EJECTIUN SEATS IN UNE AIRURAFT SERIES
IN UNE SWQUAURUN A SERIUUS OPERATIUNAL HHZARU?

Fregerick U, Luilid
ABSTRACT

A potential proplem of concern to aircrew automateu escape systemns
(AAES) managers during any major upgrading of an escape system, especially
involving tne replacement of major elements such as eJection seats, Nas
oeen the ouration of the transition periog, particularly the guration of
tne transition periog in any singlie operational unit. Tne concern acises
from the potential introouce for aircrew ang ygroundcrew conrusion
concerning the performance, safety, hanaliny, anc maintenance aspects if
they must rige in or work with two different systems in one aircratt. Hn
attempt was made to assess the significance ot the proolem ot two types of
gjection seats in one aircraft series by examining the escape recoras
precediny, during and rollowing transition periods. Limitations 1n gata
access currently in effect, preclude adeqguate examination of the recent
pre~transition periods, out the available data 1S presentea for
consideration.
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ARE TWU TYPES OF EJELCTION SEATS IN UNE AIRCRAFT
SERIES IN UNE SWUADKON A SERIQUS
UPERATIONAL HAZARD?

Frederick C. Guill

INTRODUCTION

For many years the personnel of the Crew Systems Branch, Naval Air
Systems Command, and its predecessor organizations, have been concerneg
regarding the potential confusion hazards likely to confront aircrew auring
periods when aircraft are peing retrofitted with new ejection seats or
other major escape system elements. The concern has been that aircrew
switches from one system to the other and back again repeatedly as might
happen during the transition period when a squadron's aircraft were
equipped with two aifferent systems might result in confusion concerning
the capabilities, initiating characteristics and moge of operation of that
system in which the crewmember is riding when an emergency occurs requiring
ejection. Such confusion, it was feared, might result in increased
fatality rates ang increased incidence of serious injuries among ejectees.

ln the past though, the potential for a squaaron retaining two types of
seats in its aircraft or for aircrew transferring between similarly
aircraft equipped squadrons often encountering two aifferent types of seats
was, oeliberately a short term problem due to actions taken to ensure rapid
changeovers in each squagron. Thus the trade-off petween the risks
attendant to an overlap or transition between seats and ultimately
enhancing aircrew escape capability was believea worthwhile ana, most
importantly, tne risk auring the transition period minimal. Recently,
however, senior management has suggestea that for various reasons it would
pe politically/economically cesirable to institute proceaures which woula
result in many squadrons ang aircrew being faced repeatedly on a more
permanent basis with tnis problem of flying in one seat ang then another
type of aifferent performance, characteristics and functions.

The guestion raisea then is: Are there any data which might aig in
resolving the safety issue; an issue which, at least at present, can only
be discussed in abstract theory? This paper presents approaches being
pursued to develop and analyze the data for evaluating this issue, the
problems encountered ana the plans for surmounting them, and the progress
achieved. This paper then, is an outline of the plan and a progress report
concerning the execution of that plan.

THE PROBLEM IN ASSESSING THIS ISSUE

The issue of aircrew safety when those aircrew are flying aifferent
types of ejection seats is not easily acaressed. For one thing it is at
this late date adifficult to identify the installation cates of each of tne
major ejection seat upyradings. Seconaly, it is even more difficuit at
tnhis cate to ascertain how long a period was requirea for each squaaron to
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transition from new to upyraged ejection seats ana what policies possioly
were promulgated anag implemented at the local level to mitiyate the
potentially aaverse safety effects of the transition upon poth aircrew ana
groundcrew personnel. What can be adoresseo at this time is the overiap
(or gap) petween the first ejection using a given upgradea escape system
and the last ejection using the system peiny replaced (Table 1 and Figures
(1) through (4)). These data however, are not at present available on a
squadron basis and even if tney were, the quantities of ejections per
squadron guring the usually deliperately short duration transition should
be few. Another critical proolem which is being addressed is the need to
examine the escape attempt record for the seat peing replaced. In many
instances, to acquire sufficient cata requires examination of pre-1969
escape attempt recoras.

APPROACH FOR ASSESSING THIS ISSUE

As shown in Figure 1, the first step was to examine tne gata for the
periog from 1 January 1969 through 31 bDecember 1979 for ejections
evidencing pericas of seat transitions in aircraft. with tne cooperation
of the Naval Air Systems Command Change Control Board (C(B) Secretaraiat,
records agating back to the early 196U's nhave been examined to igentify tne
subject matter ang to i1dentify numbers for C(u's ang IBCC's (Intra-bureau
Cnange Control, the predecessor form) affecting aircrew automatea escape
systems (AAES). It is intended to attempt to recall each aocument and its
associated ECP (Engineering Change Proposal) ana to extract tne essence of
the cnange and its applicability for use in these analyses. Subsequently,
the appropriate BACSEBS (BUWEPS Aviation Clothing and Survival Equipment
Bulletins), AFC's (Air Frame Changes) and ACC's (Aircrew Systems Chanyes)
will be identified to permit identification of tne gates of issuance,
priority and such information as might aid in identifying the presence or
apsence of each change in each ejection seat used in an escape attempt.
(In some instances, it should be noted that the latter information is
presented in the original MORs/FSRs (Medical Officer's Reports/Flignt
Surgeon's Reports).) Until tnese configuration data have been acquirea ana
carefully entered into the Naval weapons Engineeriny Support Activaty's
Aircrew Automated Escape System (AMES) ana Aircrew Life Support System
(ALSS) Equipment In-service Usage Data Analysis project gata panks, the
cata presented in Figures (1) through (4) will be the only available qata
for cefining the transition periods occurring between 1 January 19e9
through 31 December 1979. (An earlier set of transition periods occurreo
during the replacement of the so-called "standara" or "NAMC Type I" ana
"NAMC Type II" catapult ejection seats with the Martin-Baker Mk 5 Series
ejection seats ana, in A-4 series aircraft only, the "RAPEC i" type
ejection seats. The data for examining this earlier set of transitions
lies entirely in the computerizea loy of U.S. Navy pre-1969 ejections now
being created and will be examinea upon completion of that loy.)
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with the present limited availabie uvata, the ejection nistories of eacn
of the Table I listed escape systems 1s veiny examined first in tnree
separate periogs: (1) for a one year period preceding tne first recorded
ejection in the upgraged escape system, (2) for tne perioa petween the
first recoragea ejection in the upyradeo escape system and the last reported
ejection using the escape system oeiny replacea, and (3) for a one year
period following tne last reportea ejection using the escape system peiny
replaced. Tne one year periods are arpitrary, while the ejection
transition period is igentified by the records and includea in Taple {.
Tnese cata will be examinea for potentially significant cnhanges in ejection
success rate as well as major rates ang the cases will be carefully
examined on a case-by-case basis using the original MORs/FSKs. Based on
the information containea in Table I a number of the mishaps to be examineag
in this effort will be identified tnrough use of the newly oeveloped
computer logs. The second approach peing employed is to examine tne escape
attempt records for (1) the 25, the 50, and the 100 ejection attempts
immegiately preceoing the transition period, (2) the ejection attempts
occurring during the transition period, ana (3) the 25, the 50, and the 100
ejection attempts immediate following the transition period. These
approaches are illustrated in Figures (1) through (4).

In adoition, there have been several historic ejections in wnicnh a CAG
(Carrier Air Group) comnander or similar senior officer pricea himselt 1in
being qualifieg in a multituce of the aircraft operating from his ship ang
eventually ejectea and demonstrated less than satisractory knowleaye
concerning the escape system nhe used. Enough so that in several instances,
the reporting medical officers felt compelled to adaress this proolem and
to suggest limiting the numbers of aircraft an ingivigual coula pe
considered currently qualifiea to fiy. Finding these cases for tne
information tney contain is expected to ve a major task, but an attempt
will be made using the computerized ejection logs recently developea and
still being upgraded and then searching original MURs.

CONCLUSION

At this stage, the data availapble is insufficient to permit asse-sment
of the risks of having two types of seats in one series aircraft in one
squadron, largely as a result of so much pre-transition gata required to
established baseline success rates is in the pre-1969 period. In acoition
a similar, earlier perioa of transitioning from olger ejection seats to
upgraded capability seats occurred between 1958 anag 1962. All of the
necessary data for examining the earlier is, py agefinition, pre-19eY aata.
As ingicated earlier, efforts are continuing to develop that pre-1969 data
and it is anticipateg that the risk assessments can be mage witnin the next

year.

Note: Data was prepared by Mr. Tom Henke.
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U.S. NAVY EXPERIENCE WITH SIDE-BY=-SIDE UNSEWIENCEU
ESCAPE IN A-6 SERIES AIRCRAFT, LESSUNS TO BE LEARNED
(1 JANUARY 1969 THROUGH 31 DECEMBEK 197Y)

Fregerick C. Guill
ABSTRACT

U.S. Navy A-o series two-place aircraft are unigue amony current Navy

escape system equipped aircraft in that crew escape is initiated
independently by each crewmemoer anc NOT automaticaily sequencea upon the
initiaton of escape by one of the crew. The reasons for this difference

are giscussed and the consequences exanined.
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U.S. NAVY EXPERIENCE WITH SIDE-BY-51Ut
UNSEWUENCED ESCAPE IN A~6 SERIES AIRURAFT
LESSONS TO HBE LEARNED

(1 January 1969 through 31 Decemper 1973)

Fregerick C. Guill

BACKGROUND

As the U.S, Navy upgraded its MK5 Series (yrounaleveli escape at
take-off ana landing speeds) Martin-taker ejection seats to Mk7 Series
(zero/zero escape capability), interseat sequenciny was incorporated in two
place tandem cockpit aircraft such as the F-4 series and the TF-9J.
Sequencing already had been incorporated in several otner two place tanaem
cockpit aircraft such as the T-2 and A-5 series with aifferent types of
ejection seats. Sequencing in tandem cockpit aircraft equipped with rocket
motor propelied ejection seats was deemed necessary toc assure that the
front seat would not pass over the rear seat crewmemper, subjecting him to
girect impingement of the seat propulsion rocket blast, and, in view of tne
potential gifficulty in communicating petween cockpits in an emergency, to
ensure that ooth crewmen could be ejected when necessary Dy one crewmember
in the minimum time consistent with precludginy collisions or other
detrimental post-ejection interactions witn jettisonea canopies, seats or
ejectees.

For the two place side-by-side A-6 series aircraft, there was not the
potential for direct impingement of rocket blast upon a rear crewman and it
was the opinion of Navy escape systems experts, tieet personnel, and the
contractor that crew cockpit discipline would ensure the rapig egress of
both crewmembers when the situation demanded ejection for crew survival.

SCOPE _OF STUDY

Recently, reports for each ingivigual A-6& aircraft mishap occurring
during the eleven year period from 1 January 1969 through 31 December 1979
were examined to ascertain whether any improvements in the present system
were requirea or hignly desirable. Since the issue of incurring the added
expense of sequencing for side-by-side two place aircraft or, alter-
natively, relying upon crew cockpit discipline may be encountereg in future
gesigns, this paper is limited to discussing only that one issue.
Discussions of other aspects of the A-6 escape systei cesign, e.y., tne
effects of the fore-ana-aft centerline canopy structural oeam on
through-tne-canopy ejection, which mignht also be facea in future two place
side-Dy-side aircraft are giscussed in another paper.

THE DATA

Tne data examined concern two place A-6 series aircraft (i.e., No EA-6b
four place aircraft) mishaps occurring between L January 1969 through 31
Decemoer 1979 and involve two types of ejection seats: ™Mk GRUS wnich
provided grounolevel escape capability at take-off anag langing speeds,
although without providing safe escape ouriny orief close-to-the-grouna
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phases of each of those evolutions gue to aircraft attituue ana sinkrate,
ana Mk GRU7 which proviced a zero/zero escape capability and coveraye for
those take-off and lanaing phases which hau vbeen vut.sice tne capaoility of
the Mk GRU5 ejection seat, ODuring the period examineg, as depicteu in
Figure 1, there were 95 A-6 series aircraft (excludiny EA-68) mishaps
involving 188 aircrewmen ana of those, 133 aircrewmen attemptea ejection.
0f those 133 attempting ejection, 104 gig so successfully anu 29 were
fatalities. Twenty-four (24) of the ejection attempts were reported to
have occurred outsice the envelope. Among tnese 24 were 7 in whach the
other crewmember ejected within the envelope, one was pelieved provably to
have ejectea out of envelope, tweive (botiv crewmembers) were reported to
have ejectea outsiage the system's performance envelope (one of whom
survived), and three appear to have crashea with the aircraft. In six
instances among 55 non-attempts, the other crewmemoer ejectea within the
envelope. In each of these latter instances, hao 1nterseat sequencing been
installea, tne data suggest that both crewmembers woula have been ejected
within the escape system's performance envelope. _

As a consequence of the ongoing efforts to create computerized ejection
and bailout logs for the period from August 1949 throuyh 31 December 1968,
it is expected that the A-6 dual crew mishap gata base will be
significantly expanded during the next year. These eariier A-6 mishaps all
involveqa aircraft equipped with the Mk GRU5 ejection seat, out,
nonetheless, can pe expected to further clarify ana define many of the
problems resulting from reliance upon crew cockpit discipline to ensure
that all crewmembers safely escape.

PROBLEMS EXPERIENCED WITH NON-SE "COCKPIT DISCIPLINE" ESCAPE IN THE

Many of the A-6 ejections ang non-gjections examineu involiveo a
oreakdaown in inter-crew communications andg/or crew cockyit aiscipiine. In
several instances one crewmember, recognizing the developing situation,
unduly risked his own life by delaying his own ejection in an attempt to
inguce the other crewmember to eject, situations which could nave pbeen
avoidea were the seats sequenced allowing initiation of both seat ejections
with the actuation of one seat's firing control.

Ouring the period stugied, 1 January i969 through 31 December 1979, there
were eleven such instances as follows.

Case 1

FRP raised the nose and rolled inverted. The nose fell tnrouygh and
when there was no attempt to recover, the instructor orderea the pilot
to pull out. There was no response from the pilot. The aircraft was
in a nose aown inverted attitude and the instructor pilot ejectea. He
sustained major injuries.... The FRP ejected just prior to impact, but
outsice envelope.

Case 2

Pilot tola 8/N three times to eject. when 8/N failed to comply, piiot
reacheo for face curtain. B/N then reached for his.
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Case 3

After night catapult launch, aircraft began to settie and impacted tne
water. b/N, who had his hand on the face curtain ejectedg nimselif at
moment of impact and was rescued with minor injuries. The pilot
apparently made no attempt to eject and was lost with the aircraft.

Case 4

At the onset of the emergency the aircraft was in the safe ejection
envelope. Pilot was not wearing his oxygen mask; pilot inaoility to
communicate (due to lack of oxygen mask) the seriousness of the rapialy
developing situation to 8/N possibly explains delay of ejection until
ocutside the envelope.

Case 5

Aircraft became uncontrollaple - pilot ejected at 200 ft ana was not
injurea. &/N did not eject - fatally injured.... Pilot gelayed
ejection after aircraft was beyona recovery and dia not inform &/N of
his intention to eject.

Case 6

B/N ejected immediately after impact at 430 KIAS. At impact the left
wing broke off on ridgetop and fuselage was slapped down on ground,
slioing over ridgetop. B/N reached for lower ejection handle with
difficulty because the rotational acceleration force threw him to
right. First pull of lower ejection handle was not forceful enough.
Second pull was successful.... Pilot had no right side support, as B/N
had, during rotational acceleration and may have been pushea too far
right, preventing him from reaching ejection handle.

Case 7

B/N ejected at estimated 25 ft, 350 KIAS, nose down, 45 degrees left
bank with aircraft rolling left, and with high sink rate. Pilot
followed at much lower altituge, possioly inverteo and impacted water
immeciately after parachute opening shock. Pilot breathed emergency
oxygen underwater, surfaced, inflated and boaroed raft.

Case 8
B8/N, realizing extremis, told pilot to eject and then ejected himseif.

B/N was rescued with major injuries. Pilot aiad not eject and sustained
massive injuries on impact.
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Case 9

On night compat launch, radgar became ailslodge. ~iring catapuit stroke.
The ragar was forced against control stick causi:., uncontroilea fliignt.
B/N ejectea ang was rescued with minor injuries. Pilot apparently aig
not attempt to eject ang was lost with aircraft.

Case 10

Pilot ejected at 12,000 ft, 250 KIAS - B/N at 1500 ft, 400 KIAS.

Aircraft snap rolling. Negative G's. B/N forced up in cockpit, unable

to reach lower nandle, pulled face curtain aroung shoulder to initiate
ejection.

Case 11

The pilot of an out of control A-6 at low altitude orqered the 8/N to
eject and finally struck him on the chest to induce nim to eject. The
B/N delayea even though the canopy had just been jettisoned to put on
his flight yloves. Even though both escapes were successful, they were
unnecessarily marginal. The delay caused by the B/N donning his flignt
gloves could nave been eliminated by a sequencing subsystem.

In addition, in this year (1983) tnere recently occurred yet another
documented case wherein oreakdown in crew discipline resultea in gelayed
ejections, the 8/N's adelayed ejection proved fatal ang the pilot was saved
when nis parachute snagged in tree tops. with both engines shut gown and
the aircraft out of control, the B/N asked whetner ne should gject ana was
firmly tola “Eject. Eject." Nonetheless until the pilot struck nim ana
shook nis fist in his face tnhe B/N aid not initiate his escape. His uelay
nearly proved fatal for both crewmembers.

There are gdditional cases with no survivors in which tnere is
sufficient information concerning the circumstances ana the crew's
character to suggest that in several out of envelope ejection ang severai
non-ejection mishaps, that lack of inter-seat sequencing mignt nave caused
the fatal delay or non-ejection.

CONCLUSION

There now exists, after more than a decade of A-6 mishaps recorded in
the available portion of the Naval Safety Center's mishap recoro files, a
considerable body of evidence suggesting that a major step which coulo and
should pe taken to ennance aircrew survival from oisabled A-6 ana future
two-place sice-Dy-side aircraft would be to replace the present reliance on
crew cockpit aiscipline witn a simple inter-seat sequencing system.

Data prepared by Messrs. Rovert Cox and Tom Henke.
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AIRCREW LIFE SUPPURT SYSTEMS (ALSS) EWULPMENT PRESENCE,
USAGE AND DAMHGE DURING U.S. NAVY H=-6 SERLIES AIRCRAFT
EIECTIUNS: A PRELIMINARY STUDY
(1 JANUARY 1969 THRUUGH 1 DECEMBER 1972)

Fregerick C. Lulld
ABSTRACT

Of critical interest to the escape system designer and to the gesigner
of survival type life support equipments is whether such equipments sustain
damaye during escape which impairs equipment functioninyg in a manner wnicn
may lead to aircrew injury or ioss. In a pilot study to evaluate the vaiue
of acquiring from original reports listings of equipments useqa oy ejectees,
64 A-6 ejectee lite support equipment configurations were cbtained. Tnese
gata provided for these 64 ejectees equipment factor vs. usaye rate udta
ang, in addition suggested that at least for some equipments the gamaye
incurred frequently is not reported. A conceptual means for examining
these cata for unreported camage has been proposed, is veing examinea and

is briefiy discussed.
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AIRCREW LIFE SUPPURT SYSTEMS (ALSS) tWUIPMENT
PRESENCE, USAGE AND DAMAGE DURING U.S. NAVY

A-6_SERIES AIRCRAFT EJECTIONS

A PRELIMINARY STUDY

(1 January 1969 through 31 Decemper 1972)

Frederick C. Guill

INTROUDUCTION

In an earlier paper !an enumeration was made in several formats of the
various factors citea for combinations of aircrew automatea escape systems
(AAES) and aircrew life support systems (ALSS) equipments involved in
escape attempts during the period from 1 January 1969 through 31 December
1979. The enumeration was based upon tne data containeag in the Naval
Safety Center, Norfolk, MOR/FSR (Medical Ufficer's Report/Flignt Surgeon's
Report) computer tapes. For many reasons ALSS equipments were incluoed in
these computer tapes generally only if in the original MOR/FSR one or more
factors considered noteworthy with respect to its availability, usayge,
usefulness, ana/or performance (e.g., lost, caused injury, preventea
injury, failea to function, useful in locating survivor, etc.) hag oeen
noted. Furthermore, due to the need to codify the information to simplify
the data storage, retrieval, and general analyses, tne information
contained on the computer tapes, necessarily lackea detail; cetail which
often would be considered significant or, in some cases crucial, by those
formulating requirements and/or attemptiny to ascertain whether to, or who
to have, undertake remedial action and, if action is to oe taken, what
type(s) of action to initiate.

Thus, as discussed in the earlier paper, the available acata cuula not
De ranked readily in terms of frequency of occurrence ana/or severity of
the problem or consequences of occurrence; information especialiy critical
in Justifying funding requests for remeaial actions to correct prooiems
discovered in in-service AAES and for allocating tne availabie scarce AAES
ama ALSS resources for optimal impact on aircrew safety.

PILUT PRUGRAM

In April 1983, as a trial effort, data were extractea from the originai
MORs for 64 A-6 crewmembers concerning the ALSS each wore, carried or
otherwise had available auring the reported emergency. In adaition, when
availaple in these documents, information was extracted concerning the
exact configuration (model numbers, part numbers, Aircrew Systems Changes
incorporated, etc.) and recovered condition (marks, strains, cuts, tears,
rips, broken parts, non-functioning elements, etc.) of tnese equipments.
Limited resources and time available for extracting these gata ana the time
required to locate each mishap ana extract tne gata accurately, limited tne
period researched to 1 January 1969 through 31 vecemper 1972.

! Aircrew Life ggggort S;stems gALSSQ Eggigggnt Asgects of U.S. Navy
tjections, anuary hrough ecember Dy Freverick L. Guill |

presented at the 20th Annual SAFE Symposium, Uecember 1984
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Following the extraction of tne data, Naval weapons tngineering Support
Activity, Washington, D.C., personnel encoded the HLSS equipment lists
employing the same coaification system used by the Naval Safety Lenter,
Norfolk, and then verifiea their accuracy; a task only recently compietea
poth pecause of the complexity of the task and the requirement to continue
to pursue a multitude of other projects as well as tne pramary proyram
opjectives with limitea staff. No effort has as yet oeen initiatea to
computerize the ALSS egquipment recovered congition information which was
acquired at the same time for some of these cases. This effort was
undertaken as a pilot program to ascertain the potential value of, ana
probable cost and time requirea for reviewing all aviation mishap MUKS/FSRs
and extracting these cata for all mishap crewmemoers. This pilot program
was piggybackea onto another effort then underway to idgentify more
completely and define A-6 series aircraft escape probiems. Time, funaing
and staffing limitations constrained the effort so that only the aata for
64 crewmembers were recorged.

THE DATA

As shown in Table I, the ALSS equipment gata contained in trns
particular sampling of MORs was very complete. (So complete that it far
exceeded this researcher's most optimistic expectations.) Table I aiso
depicts the onboara ana the not available status for these same equipments
as listed in the Naval Safety Center MUR/FSR computer tapes.

These newly extractea cata stucied permit, for example, a determination
that among these 64 mishap aircrewmen exactly five wore anti-exposure suits
(four egecting over ana descending upon land and one over and into water).
ln most cases, however, tnese cata, while not permitting such precise
determination of the numbers of equipments actually present/available
auring these 64 mishaps, did vastliy reauce the uncertalnty associatea witn
the MUR/FSR computer tapes as to how many articles were actually worn or
available. For example, the data show that at least 46 LS/FRP summer
flying coveralls were worn wnereas the MUR/FSR computer tape for these same
cases referenced only one use. Tables Il through XVI provide several
ingividual case comparisons petween the two sources of data to illustrate
the variapility in the completeness of ALSS equipment coveraye of ooth
sources.

Une of the more interesting findings has oeen the comparison ot certain
injuries (body part injurea and the type and severity of the injury) and
the reportage of damege to the ALSS equipments located over the site of
injury. In the case of lacerations, punctures, perforations, and similar
types of injuries, for example, occurring at a site beneath a fiight suit
or other garment, it would seem highly unlikely tnat the garment could
escape oamage. Nonetheless, many such injuries inexpilcabDiy are not
accompaniea with reports of such garment damage. Table XVI1 provioes
several examples illustrating this proolem.

FUTURE PLANS
The results of this pilot survey sugyest strongly that acquisition of
the MOR/FSR listed equipment will pe difficult ana lengthy, but wiil

provice information in sufficient quantity ang gualiity to enhance our
ungerstanding of ALSS equipment failures and successes, geleterious
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interactions between some elements of certain AAES and some ALSS
equipments, as well as aiding 1n the ranking of equipment proolems ang
aoverse interactions with AAcS. This improvea unagerstanging coulo enhance
(1) future ALSS and AAES cesign requirements, (2) identification and
improved gefinition of ALSS problems and agverse interactions between ALSS
and AAES, (3) gecision making concerning the allocation of tne scarce ALSS
and AAES funds ana other resources to resolve provlems occurring with
current ALSS and AAES equipments, and (4) aig in justityiny requests for
additional resources requireg for resolving tnese lidentitfiea proolems.
Accorainyly, a formal request has peen made to tne Naval Safety Center,
Norfolk, by the Naval weapons Engineering Support Activity, washington,
bL.C., for permission to extract these data for all aviation mishap aircrew
to permit fuller detfinition and better rankinyg of ALSS equipment provlems.

Consigeration is also peiny glven within this program to developiny 4a
tool for use by both activities for assessiny the proraple location ang
nature of ALSS equipment damage to enablie tne medical officer responsiole
for the preparation of the FSR to be gueried early, hopefully before
materials are lost, in the event damage has not been reported in his FSR,
yet other furnishea information such as injury data suggest that damage 1n
fact was hignly likely to nave occurred. Hs presently envisioned, that
tool would be the computer reading of the 1njury markings aisplayed on
OPNAV form 3752/4, page 3 (Figure 1), to which will be adoed the crew
anthropometric gata and the ALSS equipment icentified as worn, carrieq or
present ouring the mishap (Figures 2 throuyh 8) to automatically compare
the injury type and location to the equipments to suggest equipment areas
which might have sustainea damage auring tne production of the injury
(Figures 9 through 12). This not only will permit gqueryiny the FSR
author(s) concerning the condition of suspect equipments, but will also aid
in tne generation of equipment camage/potential oamage patterns whicn mignt
enable determination of damaye/injury causation mechanisms wnich mignht
otherwise not oe detected or recoygnized as beiny siynificantly freguent in
occurrence, definea or resolved.

CUNCLUSIUN

Tnis limitea feasibility study has aemonstratea tnat greater aetail
than that normaliy available from Naval Safety Lenter, Norfolk,
computerized extracted MUR/FSR gata concerning tne ALSS equipments
involived in mishaps exists for many of these mishaps. 1t also has
gemonstrated that ALSS equipment problems are probaoly beiny ungerreporteg
in tne original documentation, thereby reogucing the guantity ana the
quality of tne data normally avaiiaple from the Naval Safety Center MUK/FSR
computer tapes. It appears feasible to gevelop a system which oy
igentifyingy some of the potential ALSS equipment adamage, might Dring aobout
a reduction in this underreportage. unfortunately, this feasibility effort,
clearly identifiea that closing the existing ALSS eguipment usaye ang
proolem knowleuyge gap will require consigerable time and, as yet,
unidentified resources. Accoroingly, no estimate can be made at this time
as to if, and when, such detailed records can oe created and evaluateo.

Data was prepared by Mr. Tom Henke
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